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ON THE CONTRACTILITY AND INNERVATION OF 
THE SPLEEN’. By E. A. SCHAFER, F.RS,, anp B. 
MOORE. (Forty-two Figures i in Text.) 


(From the Physiological Laboratory, University College, London.) 
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Historical. 
THE contraction of the spleen on direct stimulation was first observed 
by Rudolph Wagner in the dog (1849). Henle* (1852) showed — 
that this organ possesses contractility in man. Schiff* (1867) ob- 
tained contraction of the spleen in rabbits and cats on stimulation of 
the splanchnic nerve and of the semilunar ganglion. Sabinsk y‘* (1867) 
showed that after death from asphyxia the spleen is constantly found 
in a contracted and anzmic condition. He came to the conclusion as 
the result of his experiments that this was not due to the direct action 
of asphyxial blood upon the organ but that the effect was a reflex one 
and dependent upon the integrity of the nerves to the organ. Oehl* 


1 Preliminary accounts of these investigations were communicated to the Royal Society 
on Jan. 80, 1896 and on February 26, 1896 and have been published in its Proceedings. 

2 Zeitech. f. rat. Med. N. F. 1. 299. 

3 Legons sur la physiologie de la digestion. T. 11. 

Vierteljahreschrift f. gerichtl. Med. N.F. 1. 

5 Gaz. Lomb. 1869. | 
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(1869) obtained contraction of the spleen on stimulation of the peripheral 
end of either vagus in the neck in dogs, rabbits and cats. Bulgak' 
(1877) made a series of carefully conducted and systematic observations 
upon the contractility and innervation of the organ, employing as had 
been done by his predecessors the method of direct observation. He 
used young full grown dogs as being better adapted than any other 
animals for the purpose—a statement in which we entirely concur; they 
were narcotised by intravenous injection of morphia. He gives a careful 
description of the anatomical connections of the organ with nerves, some 
of which he found to be sensory. He further states that the sensory 
nerves run apart from the motor. He confirms a statement of Mosler* 
that large doses of quinine (5 to 6 grains) caused contraction of the organ, 
a result he was unable.to obtain with ergot. He confirms Sabinsky’s 
observation that asphyxia always produces strong contraction of the 
spleen. He states in opposition to Oehl that stimulation of the peri- 
pheral end of the cut vagus produces no contraction of the organ. This 
experiment he performed both upon the cervical and upon the thoracic 
vagus. He points out that stimulation of the central end of the vagus 
produces a strong contraction of the spleen and that the same effect is 
obtained by stimulation of the central end of the superior laryngeal. 
He opines that this effect is due to the arrest of respiration which 
accompanies such stimulation. 

Bulgak further found that whereas excitation of the spinal cord at 
the level of the membrana posterior atlantis produced not the least 
contraction of the spleen, excitation at the level of the lower border 
of the atlas and from here down to the level of the 4th cervical vertebra 
caused a strong contraction of the organ. Also that reflex contractions 
of the spleen were obtained equally well after severance of the spinal — 
cord from the medulla oblongata by a section at the level of the membrana 
posterior atlantis. He obtained some effect upon the spleen by stimu- 
lating the cord between the 4th cervical and 11th dorsal vertebra but 
none below the level of the 11th dorsal. He is of opinion that a reflex 
centre for the spleen is placed in the spinal cord between the level of 
the atlas and that of the 4th cervical vertebra and that the effects 
obtained below the last mentioned level are due to stimulation of fibres 
proceeding to and from this centre. He obtained strong contraction. of 
the organ on stimulating the peripheral end of the left greater splanchnic 


1 Virchow’s Archiv, uxrx. 181, 
* Die Pathologie u. Therapie der Leukiimie, Berlin, 1872, 
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nerve but no effect whatever from the left lesser splanchnic nor from 
the right splanchnics. Lastly he observed contraction of the spleen to 
follow stimulation of the cut anterior nerve-roots (apparently on the 
left side only) from the 3rd dorsal to the 10th dorsal pairs inclusive, the 
contraction being quite distinct although not strong. No other nerve- 
roots gave any noticeable result. Bulgak comes therefore to the 
conclusion that the spleen is innervated with both afferent and efferent 
fibres which are connected with a reflex centre in the upper part of the 
cervical cord and which pass to their distribution in the organ by way 
of the anterior nerve-roots from the 3rd dorsal to the 10th dorsal and 
the greater splanchnic nerves of the left side only ; thence through the 
semilunar ganglion and by the nerves accompanying the branches of 
the splenic artery. Bulgak’s work was originally published in Russian 
in 1872: it was performed under the direction of Prof. Babuchin. 

Tarchanoff' (1874) found that stimulation of the medulla oblon- 

gata caused an obvious contraction of the spleen and that this occurred 
_ through either splanchnic. 

Roy* (1881) investigated the changes of volume of the organ by 
means of a modified plethysmograph to which he gave the name of 
oncometer or oncograph. Roy found the spleen to be normally subject 
to regular alterations of volume (systole and diastole) succeeding one 
another in the case of the dog and cat without intermission at regular 
intervals of about one minute. The amount of change he found to be 
variable in different animals, and under different conditions in the same 
animal, being always increased by stimulation of any sensory nerve and 
by any alteration in the blood—the injection even of a small quantity 
of salt solution being productive of this effect. Curare is especially 
mentioned as producing increase of the rhythmic movements, preceded 
in this case by a temporary expansion of the organ whereas certain other 
unspecified substances produce primarily a contraction. 

With regard to the influence of nerves upon the organ, Roy states 
that direct stimulation of the vaso-motor centre produces contraction of 
the spleen, and that the same effect is obtained by stimulating the 
peripheral end of either vagus or either splanchnic. Nevertheless, 
section of both vagi and both splanchnics does not abolish or per- 
manently modify the rhythm. From this it was concluded that the 
rhythm is of peripheral origin. This deduction, however, was obviously 
made on insufficient grounds ; for the spleen was still connected with the 


1 Pfliiger’s Archiv, This Journal, mx. 208. 
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central nervous system by other paths of communication, as the author 
himself points out. 

It is further stated by Roy that the spleen curve shows no pulse 
wave, and very little change of volume corresponding with the respi- 
ratory changes of blood-pressure: from which he concludes “that the 
passages by which the arterial blood enters the spleen are comparatively 
very narrow ”"—a conclusion which he considers is confirmed by the 
observation that if the aorta is closed for a moment at its point of 
passage through the diaphragm the resultant diminution in volume of 
the spleen “ takes place very slowly, there is no sudden fall” as in the 
case of the kidney, intestine or limb,—* Indeed, when the spleen is © 
expanding at the moment of closure of the aorta, the lever may remain 
nearly stationary till the time comes for the commencement of the 
splenic systole.” This experiment of closing the aorta for a few seconds 
was repeated “as often as occasion offered.” 

Far reaching deductions are drawn by the author from these obser- 
vations. “The very imperfect degree to which the volume of the spleen 
responds to variation in the height of the blood-pressure shows us that 
the mass of the blood in the organ is practically cut off from the arterial 
system, and that therefore the circulation through the organ must be 
carried on almost exclusively, if not exclusively, by the rhythmic con- 
tractions of the smooth muscular fibres which are found in the splenic 
capsule and trabecule.” 

It is further noticed that interruption of artificial respiration in a 
curarized animal produces great and sudden contraction of the spleen, 
but whether this is a direct action upon the muscular tissue of the organ 
or not could not be determined owing to the inability of the author to 
satisfactorily divide all the splenic nerves. 

The relation of the splenic curves to the Traube-Hering curves on 
the blood-pressure was carefully considered by Roy, who was able to 
show that the two curves are independent of one another although if 
the Traube-Hering curves are well marked they may by interference 
produce a certain appearance of irregularity in the spleen curves. 

Since the article by Roy above noticed no further observations 
bearing upon the subject have, so far as we have been able to ascertain, 
been published. 

Dr. J. Rose Bradford attempted some years ago, in this laboratory, 
to determine the spinal-root connections of the spleen with the aid of 
Roy’s oncometer, but he encountered considerable difficulties, and the 
results which he was able to obtain were inconclusive, He informs 
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us, however, that he got contraction of the organ on stimulation of 
nerve-roots in the thoracic region on both sides, although the limits 
of the outflow were not decided, and that there was a tendency to 
greater contraction on stimulation of the roots on the one side than on 
the other. | 


Method. 


The method which we have employed for investigating the contrac- 
tion of the spleen has been that of the plethysmograph. Very early in 
our experiments we found that the instrument devised by Roy was 
unsatisfactory to work with partly on account of the fact that it was 
difficult to prevent its leaking, and partly because we had reason to 
believe that the blood supply to the organ was interfered with by com- 
pression at the lips of the oncometer. Indeed, except under very 


Diagram of gutta-percha spleen-box. 


favourable conditions it appeared to be only capable of showing the 
slower variations in volume of the organ. Our spleen-boxes we: have 
moulded out of gutta-percha. Each consists of an oblong box with 
flattened edges upon which a flat plate of glass fits accurately. The 
glass cover is kept in position by india-rubber bands and rendered air- 
tight with the aid of vaseline. One side of the box is somewhat lower 
than the others, and through this side (which is also kept air-tight by a 
thick layer of vaseline, with the assistance, where necessary, of a little 
cotton-wool soaked with vaseline) the blood supply to the organ, 
which is placed within the box upon a layer of cotton-wool, is conducted 
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and can remain perfectly free and uninterrupted. A tube leads from 
the box and is connected by an india-rubber tube either with a tambour 
or with a piston-recorder, the whole apparatus being filled with air. 
Every variation in the volume of the spleen is accurately followed by 
the recording instrument, and a lateral tube leads from the connecting 
india-rubber tube and is closed with a clip so that at any moment by 
opening the clip the pressure may be equalised within and outside the 
apparatus. The method of preparing the spleen is similar to that used 
by Roy; the organ being exposed by a free incision through the ab- 
dominal wall, and simply placed within the spleen-box. We have 
sometimes found it to be an advantage to put a double ligature 
round the upper or left part of the gastro-splenic omentum, and 
to sever between the ligatures, for in some animals the spleen is 
tightly tied down to the stomach by its upper end so that it is 
difficult without dragging upon the omentum to get it freely within 
a spleen box. The tying up of this small portion of the omentum 
makes, however, no practical difference to the physiological conditions of 
the organ. In many of our experiments, we have tied up much more than 
this, and in some observations in which we desired to investigate the 
conditions of rhythmic contraction of the spleen in the absence of all 
nervous connections with the body we have tied up by successive double 
ligatures all parts of the splenic omentum, leaving only a single artery — 
and vein in connection with the organ. Indeed in a certain number of 
experiments we have severed even these, and connected the organ by 
glass tubes to the body. That this instrument is very much better 
adapted than the oncometer for exhibiting all changes in volume of the 
organ, may be seen by comparison of a spleen curve obtained by it 
(Fig. 1) with those obtained by Roy’s instrument’. In the latter, 
the respiratory variations in the blood-pressure are only slightly 
marked, and the variations due to the heart’s beats are scarcely 
seen, whereas in most curves obtained by our instruments both the 
alterations in pressure due to respiration and to ventricular beats are 
well marked. In some of our tracings as here reproduced it is difficult 
to see the individual heart-beats; but this is in consequence of. the 
great reduction in size which has been employed in order to bring the 
tracings within the limits of a page. In the actual tracings in most cases 
the heart-beats are well seen upon the spleen-curve, even when the 
spleen has remained connected with the body by a single artery and vein 
only. (Fig. 1 and others.) We must assume, therefore, that the absence 


1 This Journal, u1., Plates XV. and XVI. 
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of these fluctuations, which is characteristic of Roy’s curves, is due to 
and along with it the theory which regards the circulation of the b 


instrumental imperfections. 
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rhythmic ‘contractions of the organ, and not to the direct pressure of 


through the spleen as being mainly if not exclusively due to the 
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arterial blood, falls to the ground. In fact, it has been abundantly 
manifested in our experiments upon the excised organ that a pressure 
which is less than the ordinary arterial pressure of the animal is suffi- 
cient to carry on the circulation through the organ; and the same 
applies to those cases, which are not rare, in which the rhythmic con- 
tractions of the spleen are in abeyance. Under these circumstances 
the flow of blood through the organ is still to all appearance perfectly 


free. 
Normal Movements. 


Our observations relate (1) to the normal rhythmic movements 
of the organ, (2) to the influence of nerves upon its movements, (3) 
to the influence of drugs and of varying conditions of the blood upon 
those movements and (4) to the connection between the spleen-nerves 
and spinal cord. With the exception which we have above dwelt upon 
we find the normal movements of the spleen much as they were de- 
scribed by Roy. We find moreover, as might be supposed from the 
fact that the fluctuations of blood-pressure due to the heart beats and 
to the respirations are perfectly visible upon the spleen-curve, that 
every variation in blood-pressure is also immediately responded to by 
the spleen. The normal movements vary in extent and also in duration 
but the latter is frequently about one minute when the spleen is placed 
in a box such as that used by ourselves or by Roy. But it is pos- 
sible this may be somewhat slower than when the spleen is in 
position in the body, for in all probability the cooling which the organ 
must undergo, somewhat slows the rate of the rhythm. The rhythmic 
contractions are greatly diminished or entirely abolished by chloroform ; 
but they continue normal with morphia alone or with morphia combined 
with atropin, the latter in small doses, sufficient to paralyse the in- 
hibitory action of the vagi on the heart. They also continue freely 
in a curarised animal. Their extent varies from an almost imperceptible 
wave to very large and extensive curves. In the former case it will 
usually be found that the spleen generally is in a tonically contracted 
condition, and is also less responsive to small changes in the blood-pressure. 

It sometimes happens that the curves which are seen upon the 
tracing recorded by the spleen-plethysmograph are exactly synchronous 
with curves upon the blood-pressure. This synchronism may be complete, 
that is to say, the rise of the blood-pressure curve may exactly corre- 
spond with the rise in the spleen curve (fig. 2); or it may be incomplete, 
that is to say, while the rhythm is the same, the one curve may be 
rising while the other is falling and vice versa (fig. 3). 
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When the nerves going to the organ are intact fluctuations in size 
of the spleen may occur which correspond exactly to Traube-Hering 


with one another. 


This tracing shows curves of spleen volume and oo which exactly correspond 


Fra. 2. 


curves upon the blood-pressure. They may be produced in a similar 
manner to those curves by the rhythmic action of the vaso-motor centre ; 
or, on the other hand they may be due to the volume of the spleen being 
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passively affected by the alterations in blood-pressure. This last is almost 
certainly the cause when they occur after all the nerves to the organ are 


Fie. 8. This tracing shows synchronous curves of spleen 
rise and fall with one another. the 


severed. We give curves illustrating these two conditions. In one such 
curve (Fig. 2) the spleen curves and blood-pressure curves exactly corre- 
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spond, In this case the nerves going to the organ were all severed, and 
the spleen was connected with the body by a single artery and vein only. 
In the other curve (Fig. 3) it will be seen that the rise in the spleen 
curve occurs later than the rise in the blood-pressure curve: that 
although the rate of rhythm is the same the synchronism is not perfect. 
Here therefore the changes in volume of the spleen can hardly be pro- 
duced passively. But on the contrary, in this case the changes in the 
blood-pressure curve might be due to the contraction of the spleen 
raising the pressure in the arteries by forcing with each contraction 
more blood towards the heart. We are, however, unable to produce 
conclusive evidence to show whether the synchronism of the curves is 
a mere coincidence or whether they stand in relation to one another as 
cause to effect: and for the present must leave the question undecided. 


Influence of Nerves. 


It is known that contraction of the spleen may be brought about 
through the central nervous system, and this both reflexly and directly. 
As already stated it was shown by Tarchanoff, that stimulation of the 
medulla oblongata produces through the splanchnics an obvious contrac- 
tion of the organ; and the fact was confirmed by Roy who showed that 
stimulation of either right or left splanchnic in the abdomen produces a 
great diminution in the volume of the spleen. We can fully confirm 
this result, for our tracings show that stimulation of either splanchnic, 
provided the nerves going to the organ are intact or even provided that 
only a single nerve twig is left connecting the spleen with the sympa- 
thetic system, will produce a marked contraction of the organ (Fig. 4). 
Of course if the nerves to the spleen are all divided there is only a 
passive ewpansion due to the raised blood-pressure resulting from such 
stimulation (Fig. 5), and this fact we have used to prove whether all 
nerves have been divided or not. We have endeavoured by stimulat- 
ing the splanchnics above the diaphragm with slow stimulations at the 
rate of one or two per second, or with weak stimulations, to determine 
whether such excitation of these nerves might produce dilatation instead 
of contraction of the organ. Only in a single animal have we succeeded 
in obtaining positive results, most of our results, under these circum- 
stances, having been negative. In the case in question, of which we 
give the tracing in Fig. 6, we found that whereas a strong and rapid 
excitation of the left splanchnic produced the usual marked contraction 
and diminution in volume of the orgau, a weak excitation tended to 
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ulation of peripheral end of cut left splanchnic. 


In 


Spleen nerves 
rresponding rise of blood-pressure. 
(not shown in this 


organ is prodaced without a co 
same nerve a marked contraction of the organ resulted 
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produce the reverse effect, namely a general dilatation of the organ 
combined with an increase in the extent of its rhythmic contractions, 


Although difficult to obtain, one positive result of this character is 
worth a large number of negative ones, and it is probable that we are 
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safe in inferring that the splanchnics contain not only fibres which tend 
_to provoke a contraction of the muscular fibres of the organ, but also 
others which tend to inhibit that contraction. The existence of such 
inhibitory or dilatator fibres is further rendered probable by an experi- 
ment upon the nerves of the excised and perfused spleen which will 
presently be alluded to (p. 22). 

It is stated by Oehl and by Roy that stimulation of the peripheral 
end of either pneumogastric nerve will also produce strong contraction 
of the spleen. It does not seem to have occurred to these observers 
to abolish the inhibitory action of the vagus upon the heart by atropin 
before attempting this experiment; but Roy is content to point out 
that the contraction which he obtained is much greater than might be 
expected by supposing that the contraction of the organ was passively 
due to a fall in the blood-pressure resulting from inhibition of the heart. 

. On this point our results are in entire contradiction to those of Oech! 
and Roy and fully confirm the statements of Bulgak. We have never 
obtained by stimulation of the peripheral end of the cut pneumogastric 
nerve any contraction of the spleen. We have got in one or two in- 
stances a slight effect upon the recording lever of the plethysmograph : 
but no more than would be produced by the strong contraction of the 
cesophageal and gastric muscular fibres which result from stimulation of 
the peripheral end of this nerve, and which would tend to drag upon 
the gastro-splanchnic omentum, and so to pull upon the hilum of the 
organ. In many cases we have been able entirely to avoid such drag. 
Under these circumstances there is absolutely no effect whatever 
obtained upon the volume of the spleen. And even in those cases 
where a drag was obvious the only effect experienced was slight diminu- 
tion in the extent of the excursions of the organ. We have done this 
experiment both in the dog and in the cat; and since the matter is one 
of some importance and different results have been obtained by other 
workers, we give tracings which show the negative results obtained 
(Fig. 7 and Fig. 8 A). It is true that in our experiments we have 
administered a small amount—about five milligrammes—of atropin in 
order to obviate the effects which would otherwise be produced upon 
the heart and this drug was not used by Oehl and Roy; but as all our 
experiments show that such a dose of atropin, and even a dose consider- 
ably larger than this, produces no effect either upon the splenic rhythm 
or upon the action of any of the nerves which pass to the spleen, we 
cannot believe that the difference between our result and that obtained 
by Roy is to be accounted for by supposing it to be due to the employ- 
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ment of this drug. We can only infer that in other cases the electric 
excitation was allowed to spread either to the upper end of the vagus, 


eral end of the cut vagus 
had been given to paralyze 


in which case a marked contraction of the spleen is obtained (Fig. 8 B) 
or to some other sensory nerve; for the tracing given by Roy as 
illustrative of his result is exactly the kind of tracing which may be got 
by reflex excitation of the organ through the central nervous system. 
As we have previously shown, Bulgak stimulated the vagi (peripheral 
end) both in the neck and in the thorax; in the latter case avoiding 
the cardiac inhibitory fibres. His results were, like our own, entirely 
negative as regards the spleen. j 

We have further invariably found that stimulation of any of the 
nerves accompanying the arterial branches to the hilum produces a 
marked contraction of the organ. 

An example of this effect is shown in the tracings (Figs. 9 and 10) in 
which the spleen was connected with the body by one artery and vein 
only, all the other tissue connections being severed. The nerves accom- 
panying this artery and vein, having been previously tied with a ligature, 
were placed upon electrodes and stimulated and the strong contraction 
of the organ was obtained which is shown in the tracings. In Fig. 10 
the effect of such contraction in producing an after increase in the 
rhythmic movements of the organ is well displayed. 
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Independence of the splenic rhythm. 


Although the contractions of the spleen are unquestionably in- 
fluenced through the nervous system; responding as they do by an 
increase of extent of the movement to every stimulation of an afferent 
nerve (see especially Fig. 8 B), never- 
theless they will continue even when 
the organ is entirely cut off from all 
connection with the central nervous 


system. The first method by which | 2 
we endeavoured to determine this 

question was to sever all the nerves = 
passing to the spleen and to leave 33 
the organ connected only by its blood S43 
vessels. We soon found, that it was 2 ae 
difficult if not impossible to be sure of a 
effecting this result if we endeavoured id 
to preserve a large number of the blood . - 
vessels, Since, however, all the fluctua- — +H 
tions in volume of the organ which are . 
produced by variations in blood-pressure a3 e 
and by its rhythmic contractions, are : a= 
perfectly well shown even when the FE 
spleen is connected with the body by — RS: 
a single artery and vein, the question 3 6 
is considerably simplified. All we had a5 ae 


to do under these circumstances was to 
include the rest of the tissue between 
double ligatures, to sever between the 
ligatures, to clear the artery and vein, 
and sever all the nerves accompanying 


compressed f 
moment of remo 


spleen waves produced 
ion even of the 


them, and even to tear away the ad- ba 
ventitia from their coats so as to be 5: 
sure that the nervous connection was eS 
cut through. We give in Fig. lla & 5 i 
tracing illustrating the well marked é g 
rhythm which is seen under these Ho” 3 
circumstances and which is unaccom- 
panied by any changes in the blood- = 


pressure: many of the other subsequent 
tracings have been taken under like conditions. 
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In all these cases we subsequently cut out the connecting portions 
of artery and vein, hardened and cut sections of them, and submitted 


‘the sections to microscopical examination; and the only nerve fibres 


that could be seen in most of these instances were minute nerves 
lying actually in the thickness of the coats of the vessels. There was, 
however, one exception in which we had obtained experimental results 
which appeared to indicate that we had failed to entirely accomplish our 
object of severing all nervous connection. On making a microscopical 
examination of the artery and vein in this instance we discovered a 
minute nerve lying between the artery and vein which was no doubt the 
cause of our obtaining a contrary result to that got from other experi- 
ments. For we had found that stimulation of the splanchnic nerve in this 
animal instead of producing, as in other cases where the nerves were 
severed, an expansion of the spleen (Fig. 5) due to the rise of blood-pressure 
consequent upon the contraction of the abdominal blood vessels, caused 
with a short preliminary expansion a marked contraction of the organ 
(Fig. 4), a contraction almost as marked as if all the nerves to the organ 
had been left. We conclude, therefore, that the nerves in the interior 
of the organ must be very closely interdependent, since nervous impulses 
conveyed through so small a number of nerve fibres as were contained 


within this small twig, were still able to produce a strong contraction of — 


the organ. 

In order to obviate any doubt as to the rhythmic movements 
being carried on independently of the central nervous system we 
proceeded, in an animal in which the blood had been deprived of its 
coagulability by the injection of peptone, to investigate the conditions 
of rhythmic contraction of the organ when it was connected with the 
general circulation simply through a glass tube tied in the artery. We 
found that even under these conditions the splenic rhythm was quite 
obvious (Fig. 12) although in the small number of experiments which 
we succeeded in performing satisfactorily, the extent of the contrac- 
tion was much diminished. This however may probably be explained 
by the depressing effect which peptonised blood produces upon all the 
involuntary muscular tissues of the body, and amongst them upon the 
tissue of the spleen. 

Finally we have obtained rhythmic contraction and dilatation of the 
spleen in an excised organ contained within a spleen-box and supplied 
with the defibrinated and oxygenated blood of the same animal by the 
method of perfusion at constant pressure. The vertical extent of the 
spontaneous contractions which we have obtained under these circum- 
stances is only small, nevertheless it is quite obvious, If, however, the 
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activity of the movements be increased by temporarily stopping the 
flow of blood through the organ, thereby producing in it an asphyxial 
condition, the spleen curves become very marked indeed. This is shown 
in the tracing reproduced in Fig. 13. 
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_ The larger curves of slow rhythm (about 1 per minute) which are 
obtained thus from the excised and perfused spleen may be beset with 
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smaller curves of a quicker and less regular rhythm the meaning of 
which we are by no means clear about (Fig. 14.4 and 14B). They may 
continue to appear for as long as 3 hours or more after the excision 
of the organ, in fact long after the regular slow rhythmic contractions 
have ceased to show themselves. 


Fie, 14 A. 


Fie. 14 B. 


The nerves of such an excised perfused organ remain irritable for 
some time after excision and the inhibitory longer than the motor fibres. 
This fact is well illustrated in the two accompanying tracings (Fig. 14 A 
and Fig. 14. B) which are taken from the spleen of a dog which was excised 
and perfused at constant pressure with warmed oxygenated defibrinated 
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dog’s blood. Stimulation of the bundle of nerves accompanying the 
principal artery about 30 minutes after excision produced the effect of 
contraction of the organ which is shown in Fig. 14 A, whereas stimulation 
of the same nerves 24 hours later caused no contraction but a marked 
dilatation (Fig. 14 B). 


The effect of drugs upon the movements of the spleen. 


It is stated by Roy that any slight alteration in the condition of the 
blood, whether produced by the injection of drugs such as curare or 
merely by the addition of a small quantity of salt so!ution, will always 
considerably increase the extent of the rhythmic movement. The 
results which we have obtained show that this statement is too general : 
that the increase of rhythmic movement which is obtained by various 
substances is specific, and is not produced by injection of saline 
solution alone. That the injection of a large amount of cold saline 
solution into the veins will not produce any marked effect ~e are not 
prepared to state; but certainly the injection of a few centimetres of 
normal saline whether warm or cold produces no perceptible effect upon 
the organ. On the other hand very minute doses of certain drugs and 
animal extracts causes an extraordinarily marked effect upon the 
rhythmic movements and this whether the drug or extract in question 
influences the blood-pressure perceptibly or not. 

One of the drugs which we have found to produce the most marked 
result is that which is also mentioned by Roy, namely curare. Even in 
an animal which is already curarised to the extent of completely para- 
lysing the movements of the voluntary muscles, a very small additional 
‘dose of curare will produce a marked increase in the splenic rhythm 
(Fig. 15) and this both with the nerves intact or with the nerves cut 
or even with a glass tube connection of the organ in a peptonized 
animal (Fig. 16). This increase in the rbythm is still more marked, 
as might be supposed, when the animal has not been previously 
curarised. A dose which will produce no perceptible effect upon the 
voluntary muscles will cause a great increase in the extent of the 
rhythmic movement in the spleen, which may last for some minutes. 
This result is obtained whether the curare causes, as has usually been 
the case with that employed by us, a fall of blood-pressure, or, as in 
some instances which we have obtained, a rise. | 

The effect of extract of suprarenal upon the spleen was investigated 
by one of us in connection with Oliver'; and it was shown that 


1 This Journal, xvitt. 1895. 
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suprarenal has the effect of causing an enormous contraction, which may 
be due to its direct action upon the blood vessels, or may be complicated 
by an action upon the splenic muscular tissue. We have obtained the 
same result (Fig. 17) with the addition that the after effect of the 
injection is to increase the extent of the normal rhythmic movements 
of the organ. We have also found that a very strong contraction is 
obtained by direct injection of suprarenal extract even in minute doses 
into the artery of an excised and perfused spleen, thereby showing 
conclusively, as indeed had been sufficiently shown by Oliver and 
Schafer in the paper referred to, that the action of this drug is 
peripheral. 

Of other animal extracts that which produces the most marked effect 
upon the spleen is extract of dried brain substance made with boiling water 
or saline solution. Such an extract injected even in very small quantity 
into the veins of the animal produces an enormous increase in the extent 
of the rhythmic splenic movements (Fig. 18 A and B). The injection of 
the extract is usually followed by a fall in the blood-pressure. This, 
however, very quickly resumes its normal height, and may be followed 
by slight fiuctuations in blood-pressure (increased Traube-Hering 
curves?). These are not synchronous with, nor in any way related to 
the fluctuations in the splenic rhythm, and they may be altogether 
absent; the only result which is then seen is the marked effect upon 
the spleen. The effect is seen also after all the nerves to the organ 
are severed (Fig. 19). 

Whereas extract of cerebral substance usually produces along with 
its effect upon the spleen a distinct fall of blood-pressure, extract of 
the. pituitary body, as was shown by Oliver and Schafer, causes a 
marked rise of pressure second only in extent to the rise which is 
produced by injection of suprarenal. Nevertheless the effect upon the 
- spleen is the same as that of brain extract, namely a marked increase 
in the normal rhythmic movements. 

Fig. 20 exhibits the results obtained from extracts made with boiling 
water from the submaxillary gland, and the parotid gland of the dog. 
In each case the curve is almost exactly similar. There is a fall of 
blood-pressure followed by a gradual return to the normal with a 
slight after-rise. The effect upon the spleen is peculiar. There is at 
first a contraction of the organ followed by a temporary expansion which 
does not however bring the organ back to the normal volume, and this 
again is followed by a more pronounced contraction ; and as this passes 
off the rhythmic contractions are seen to be increased in extent. What 
the active agent may be in these cases has yet to be determined, 
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Almost any agency which causes contraction of the spleen produces as 
an after effect increase of the rhythmic movement. But to this it may 


Fie. 18 B. Part of the same curve as that given in Fig. 18 4, but less reduced in size. 


be added that certain agencies which produce primary expansion of the 
organ, may also be followed by an increase in rhythmic movement. 
This is shown with weak stimulation of the splanchnic (Fig. 6) and it 
is also shown in the action of some extracts. We have obtained some- 
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what similar resilts to those got from submaxillary and perotid with 


extracts of pancreas and of liver; while many other animal tissues have 
yielded no result. There can be no question that these effects are 
specific, seeing that they are not obtained with even much larger doses 


of certain glands and extracts, nor with normal saline solution. 


of which all the spleen nerves had been divided. 4. 


Fig. 19. Effect upon spleen volume and blood-pressure of intravenous injection of cerebral extract in an animal 


water extract of dog’s 
fresh gland. }. 


of intravenous injection of 


Each injection represented 0°33 g. of the 
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Effects of dyspnea and anemia. 


It was shown by Sabinsky and confirmed by Bulgak and Roy 
that the effect of dyspnaa is to produce under normal conditions a 
marked contraction of the spleen. This we have been able also to con- 
firm (Fig. 21). Such a contraction was also obtained by Setschenoff* 
on injection of the blood of an asphyxiated animal into the splenic 
artery. Roy confesses himself unable to decide whether this contraction 
of the organ is due entirely to the effect upon the nerve centres or to a 
direct stimulating agtion (by the imperfectly oxygenated blood) upon 
the muscular and nervous tissues of the organ. Our experiments have 
enabled us to decide this point, for while we have found that, as pointed 
out by Roy, in the spleen with the nerves intact, a condition of 
suspended respiration produces a marked contraction of the organ 
followed in every instance by an increase in the specific rhythm; 
when all the nervous connections to the spleen have been severed, the 
result, in the first instance, at any rate, is contrary, viz. passive 
expansion of the organ caused by the rise of blood-pressure due to 
dyspnoea; this passive expansion being followed by very strongly marked 
rhythmic waves of contraction and expansion (Fig. 22), which last, if 
the asphyxia becomes complete, until the vitality of the tissue is pre- 
sumably diminished too much by the want of oxygen. Fig. 23 may 
be taken as an illustration of this. It is a complete asphyxia curve of 
spleen volume and blood-pressure in a curarized animal with all nervous 
connections of the organ severed. 

Anything which causes a greatly diminished supply or an. arrest 
of flow of blood to the spleen produces a similar result to that caused by 
general dyspnoea or asphyxia. This is for example obtained both by 
compression of the aorta at the level of the diaphragm and by compres- 
sion of the splenic arteries. It was, as already stated, insisted upon by 
Roy that compression of the aorta at the level of the diaphragm although 
producing an enormous fall of blood-pressure in the abdominal arteries, 
nevertheless causes only slowly and imperfectly a diminution in the size 
of the spleen. Roy expressly states that he repeated this experiment 
upon several occasions, and always with the same result. We have 
been entirely unable to corroborate this statement, having invariably 
found that compression of the aorta at the level mentioned by Roy 
causes an instant diminution in volume of the spleen of precisely such a 


1 Quoted from the Russian by Bulgak, loc. cit. 
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nature as is produced by a direct cutting: off of all arterial supply to the 
organ. This is shown in two tracings which we here give (Figs. 24 and 
25). In one of these the nerves to.the organ were intact; in the other 
they were all severed. In both 
the blood-pressure was being 
taken from a tube connected 
with the carotid, and there is 
naturally a rise of blood-pres- 
sure shown in both instances. 
The contraction of the spleen 
is extremely manifest, and that 
contraction is followed by an 
increase in the rhythmic move- 
ments. The same result is 
got by compressing with a 
clip forceps the branch of the 
splenic artery through which 
in many of our experiments 
the spleen was alone connected 
with the body,and this whether 
the nerves accompanying the 

were severed or not 
(Figs, 26 and 27). 

A similar result is got by 
compressing the splenic vein, 
except that, of course, the 
immediate result of this com- 
pression is to produce a great 
expansion of the organ. The 
after effect, however, is similar, 
namely an increase in the 
rhythmic movements of the 
organ. We think that it is 
highly probable that the in- 
crease of these movements 
which is caused by a temporary 
block to the circulation through 
the organ is really due to an 
increased excitability of the 


muscular fibres produced by dyspneea, for it is obvious that the cutting 


Fie, 28. Asphyxia curve of blood-pressure and spleen-volume in « curarized animal. All nerves to spleen cut. }- 
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off or diminishing the blood supply will cut off or diminish the supply 
of oxygen to the splenic tissue. We have utilised this method of 
exciting the rhythm of the organ to obtaining a more marked rhythm 
from the excised organ perfused with defibrinated dog’s blood (Fig. 13). 


Fie. 24. Effect upon spleen-volume and caro 
occlusion of aorta above dia 
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On the connexions of the splenic nerves with the spinal cord. 


So far as we have been able to ascertain Bulgak is the only 
previous observer who has endeavoured to determine systematically the 
nervous connexions of the spleen with the spinal cord. As we have 
already shown (p. 3} Bulgak came to the conclusion as the result of 
his experiments that the spleen*receives fibres from the anterior roots 
of from the 3rd to the 10th dorsal nerves of the left side. 

We have successfully investigated this point in five dogs. In each 
case the animal was anesthetized, at first with chloroform, and after- 
wards with morphia injected subcutaneously. A very small dose of 
atropia was given along with the morphia to antagonize the depressant 
effects of that drug upon the cardiac rhythm. The animal was then 
curarized—a minimal dose of curare being employed—and artificial 
respiration was maintained by pumping warmed air into the lungs at 
regular intervals. The animal was also kept upon a tin of warm water 
to obviate the cooling which would otherwise result from the prolonged 
anesthesia and curarization. The whole length of the spinal cord was 
then exposed in the thoracic and lumbar regions and the nerve-roots on 
both sides from the second postcervical to the fifteenth postcervical 
were tied with cotton threads of varying colours and cut close to the 
dura mater. The spinal cord at this part was then entirely removed 
along with the enclosing dura mater. The blood-pressure was recorded 
by a mercury manometer connected with the carotid artery, and the 
spleen volume by the spleen plethysmograph. It will be readily 
understood that with so severe an operation the animals are liable to 
succumb by reason of hemorrhage or from other causes; but with a 
little practice the experiment is less difficult to carry out than might 
appear. The nerve-roots were stimulated first on one side and then on the 
other in succession from above down with a fairly strong faradaic current. 

The results which we cbtained in the five experiments are as 
follows :—In four out of the five a distinct contraction of the spleen was 
got on stimulation of all the roots on both sides from the 3rd_post- 
cervical to the’ 14th postcervical inclusive. The sharpest and most 
extensive contraction was obtained on stimulation of the 6th, 7th and 
8th postcervicals ; a well-marked and fairly sharp contraction on stimu- 
lation of the 5th and of the 9th and 10th, and a slight contraction on 
stimulating the 3rd and 4th and the 11th, 12th, 13th and 14th. In 
none of the experiments did excitation of the 2nd postcervical pair 
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produce any contraction of the spleen. In none did excitation of the 
15th postcervical produce any contraction of the spleen. In every case 
as already stated a contraction of this organ was obtained from the 
active nerve-roots of both sides, but with each pair the amount of 
contraction was ceteris paribus less on stimulation of the nerve-roots of 
the right side than of those of the left side. 

The curves shown in Fig. 29 are selected from a long series of 
tracings obtained from one animal, as itlustrating the relative effects of 
stimulating one of the more active and one of the less active nerve- 
roots upon the two sides respectively. They are taken with a compara- 
tively large and therefore by no means delicate tambour. _ duration 
of the excitation in each case is indicated by the signal. 

In one out of the five experiments performed successfully upon dogs 
excitation of certain of the nerve-roots which in the other cases produced 
a contraction of the spleen failed to produce the usual effect. » ~ap being 
left in the series, This gap comprised the llth and 12t! _stcervical 
pairs on both sides and the 13th nerve on the right side. We have no 
reason to suppose that these nerves were injured in exposing the cord. 
All the other nerves from the 3rd to the 14th postcervical on both sides 
produced the normal effect. We are unable to suggest a cause for the 
variation unless it be an individual peculiarity in the nerve distribution 
in this particular animal. 

We have made several attempts to work out the nerve-outflow from 
the spinal cord to the spleen in the cat in the same way as we had 
done in the dog. The difficulties are however much greater in the 
former animal for whether owing to the severity of the necessary 
operation or to the fact that these animals are more profoundly in- 
fluenced by the drugs used to produce anesthesia and immobilisation, 
we have only in a single instance out of several attempts succeeded in 
carrying out in a manner satisfactory to ourselves the whole series of 
operations and excitations necessary. In this instance we obtained 
precisely the same result as that which we had got in the dogs, viz. 
contraction of the spleen caused by excitation of the nerve-roots on both 
sides from the 3rd postcervical to the 14th postcervical inclusive, with 
more marked effects on the left side than on the right and with the 
most marked results from the 5th to the 9th postcervical pairs. 

So far as it goes therefore this one experiment establishes the same 
rule for the cat as for the dog and renders it probable that in both 
_ animals the spinal root-connexion of the-spleen is extraordinarily ex- 
tensive, embracing fibres from very nearly the whole thoracic-lumbar 
sympathetic outflow. 
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On the probable ganglion-cell connexions of the splenic nerve-fibres. 
We have endeavoured by the method of Langley and Dickinson' 


to determine with the aid of intravenous injections of nicotine, the — 


situation of the nerve-cell connexions of the nerves which pass from the 
spinal nerve-roots to the spleen. Most of our experiments have been 
performed upon dogs. The method employed has been as follows :— 
The animal having been anesthetized and curarized as in the ex- 
periments just recorded a small piece of the spinal cord was exposed at 
about the level of the 7th or 8th postcervical nerve-roots. One of these 
roots on the left side was then tied and cut close to the dura mater and 
the segment of cord exposed was removed. The right splanchnic was 
next exposed by cutting away portions of two or three of the lower- 
most ribs, the nerve being partially separated, tied and cut above the 
ligature. The spleen was then laid bare and placed in the spleen box ; 
the nerve-fibres accompanying one of its principal arteries being exposed 
so that they could also be readily stimulated. A blood-pressure tracing 
was taken at the same time as the spleen tracing. The effects upon 
the spleen volume and blood-pressure of stimulating severally the 
nerve-root, the splanchnic and the spleen-nerves were recorded. A 
small dose, usually 1 mgr., of nicotine was then given by intravenous 
injection and the above effects again recorded. This was repeated with 
successive doses of 1 mgr. of nicotine until about 5 mgrs. of nicotine bad 
been given in all. An additional dose of 10 mgrs. was then given and 
the excitations were repeated; and again after a final dose of another 
10 mgrs., making about 25 mgrs. in all for a dog weighing about 7 kilos. 

The results of these experiments have been quite uniform. They 
show that with-successive small doses of nicotine up to 5 mgrs. the effect 
of stimulating the nerve-root becomes less and*less until with a dose of 
5 mgrs. for a moderate sized dog it has entirely disappeared, whereas 
the effects of stimulating the splanchnic and the spleen nerves are not 
perceptibly abated. But with the larger doses the effects of stimulating 
both the splanchnics and the spleen nerves are greatly diminished ; the 
diminution being proportionately greater for the splanchnic than for 
the spleen nerves, but very evident in the latter nevertheless. We 
have performed a single successful experiment upon the cat, with 
similar results, and of this experiment we give the chief tracings in 
Figs. 30, A, B, Cand D. But most of our experiments on this animal with 


1 Proc. Roy. Soc. xuv1. 1889 and xivi1. 1890 ; This Journal, x1. 1890. 
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Fie. 30 A. Cat, 2°75 kilos. Atropia (2 mgr.), curare, artificial respiration. The animal 
was anesthetized with chloroform for the necessary operations. 

This tracing shows the marked contraction of the spleen resulting from excitation 
of the 5th manieer hdd nerve root on the left side after 2 mgr. only of nicotine had been 
administered. Stimulation of the cut right splanchnic and of the spleen-nerves gave 
precisely similar results. The blood-pressure tracing has not been reproduced : it 
showed a well-marked rise on stimulation of the root. 


Fie. 80 B. Continuation of the experiment, another milligram of nicotine having now been adminis- 
tered, making in all 3mgr. The the the nerve- 
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nicotine have been unsuccessful, partly for the reasons previously given 
(p. 38), partly because in nearly all cases the result of injecting 
nicotine in the cat has been to leave the spleen so strongly and 
permanently contracted that it was rendered useless for further ex- 
perimentation. 

; From the above effect of small doses of nicotine, obtained in several 
dogs and in one cat, we felt that we were justified in concluding that 
there is a cell-station for the splenic nerves between the nerve-roots 
and the splanchnic and therefore in the ganglia of the sympathetic 
chain ; while the effect of large doses appeared to show, although not so 


Fic. 830 C. Continuation of previous tracing. Effect of stimulating peripheral spleen-nerves 
after 3 mgr. nicotine. 


conclusively, that there is another cell-station less readily blocked byn nico- 
tine, between the splanchnics and the nerves accompanying the splenic 
vessels and therefore presumably in the semilunar ganglion. But on 
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the reading of our preliminary communication before the Royal Society’ 
it was suggested by Dr Langley that the abolition of the nerve-root 
effect after a small dose of nicotine might be due to the fact that there 
are relatively few fibres in one nerve-root, and that assuming that 
nicotin even in small doses tends to produce a certain amount of paralysis 
of the spleen nerves, this would show itself sooner for the few fibres in 
the root than for the many fibres in the splanchnic. To this it might be 
replied that we have also only stimulated a few fibres in the peripheral 
nerves accompanying the branch of the splenic artery and have still got 
after comparatively large doses of nicotine a well-marked contraction 
of the spleen. Moreover as we have already shown, a minute nerve-twig 
containing a very few fibres indeed, may convey nervous impulses suf- 
ficient to produce a very strong contraction of the organ (Fig. 12). 

And further it may be pointed out that although nerve-fibres pass 
to the spleen from very many nerve-roots it is nevertheless probable 
that the ordinary course of nervous impulses to the organ is along the 
few roots stimulation of which is found to produce the sbarpest and 
most marked contraction, since these present in all probability the 
least resistance to the passage of such impulses. These few roots are 
in the dog the 6th, 7th and 8th of the left side. Stimulation of any 
_ one of these may produce nearly or quite as great a contraction of the — 
spleen as stimulation of the greater splanchnic of the right side, which 
is the one used in our experiments. We think therefore that the 
results obtained by stimulating one of these left roots and the right 
splanchnic before and after a small dose of nicotine are quite comparable ; 
and that the block which such a dose of nicotine produces can only be 
put down to an effect upon a cell-station in the ganglionic chain. 

Nevertheless in order to obtain a stimulation of the fibres not of 
one root only but of several or all the roots on the left side we have 
varied the experiment in the following manner : —Having laid bare the 
whole length of the dorsal cord in an anesthetized and curarized 
animal (dog weighing 7 kilos) we cut through the cord at about the 
level of the 3rd dorsal vertebra, taking care that there was a consider- 
able gap left between the upper and lower cut ends. We then placed 
one guarded needle electrode in the upper end of the severed portion 
of the cord and another at the level of the 10th dorsal nerves so that 
we could send a strong faradaic excitation through almost the whole 
length of the thoracic cord, and therefore also through the origins of 
all the anterior nerve-roots. The splanchnic was exposed and cut on 
the right side as before and placed on another pair of electrodes to 


1 Proc. Roy. Soc. Feb, 1896. 
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which the same excitation as was used for the cord could be switched on 
at any moment. The results of this experiment are shown in the accom- 
panying tracings (Figs. 31 A, Band C). Excitation of the cord, of the 
splanchnic, and of the spleen-nerves each produced in the first instance 
a sharp and powerful contraction of the spleen. These were all alike 
and similar to the splanchnic effect shown in Fig. 31.4; we have 
not therefore thought it necessary to reproduce them. Nicotine was 
then given in successive doses of 1 mgr. The first obvious effect was 
produced after 3 mgr. had been administered. The contraction resulting 
from the cord-excitation was diminished; whereas the splanchnic and 
spleen nerves still have an undiminished effect. After another mgr. of 
nicotine the cord effect is hardly perceptible (Fig. 31 A); the other effects 
are both quite strong’. After injection of another mgr. (5 mgr. in all) 
the contraction resulting from the cord-excitation was entirely abolished 
(Fig. 31 B) while the splanchnic and spleen nerves still give a powerful 
result, Another 5 mgr. (i.e. 10 mgr. in all) produced no alteration in 
this result. As in the other experiments (upon the single nerve roots) 
it now requires a large dose of nicotine (20 mgr. more or 30 mgr. in 
all) materially to affect the splanchnic and peripheral nerves, And 
although the effect of the nicotine is most marked upon the splanchnic, 
nevertheless the contraction which results from stimulating this nerve 
is not altogether abolished even by 30 mgr. of nicotine, while that 
which results from stimulating the nerves accompanying the splenic 
artery is also markedly diminished (Fig. 31 C). 

We also reproduce a tracing obtained from the cat under similar 
conditions but prior to the administration of nicotine (Fig. 32). The ex- 
periment was incomplete, for the results of stimulation could not be 
recorded after the administration of nicotine on account of the persistent 
contraction of the spleen caused by that drug in this particular animal. 
But the curves are instructive as showing the similarity of effect 
produced by stimulating respectively the severed dorsal cord, the cut 
right splanchnic and the spleen nerves. In this case the greatest 
amount of contraction was obtained from the cord and the least from 
the spleen-nerves. The contraction persists long after the stimulation 
has ceased and is followed by increased spleen-waves. Stimulation of 
the cord and of the splanchnic is accompanied by rise of blood-pressure, 
which is not seen on stimulation of the spleen-nerves. This rise of 
blood-pressure is abolished (as may be seen in Fig. 30 D) by the same 
dose of nicotine as suffices to abolish the spleen-contraction. 
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CoNCL™SIONS, 


The general results of our experiments may be thus summarised. 

1. The rhythmic contractility of the spleen is inherent, and may 
be carried out entirely independently of the central nervous system or 
of the large sympathetic ganglia. 

2. The spleen receives both motor and inhibitory fibres through 
the splanchnic nerves. 

8. The pneumogastric nerves contain no fibres which directly 
influence the contraction of the organ. 

4. The spleen volume is extremely responsive to all fluctuations in 
the general blood-pressure, and the circulation through the organ can 
be and probably is entirely brought about, as in other organs, by the 
difference between arterial and venous pressure. 

5. The spleen contractility is very responsive to dyspnasic conditions 
of the blood, these producing not only a general contraction of the 
organ but also an increase in the extent of its rhythmic movement. 
When, however, the nervous connections of the organ are severed, 
primary expansion of the spleen is obtained in asphyxia, a passive 
result of the rise of general blood-pressure. 

6. Certain drugs and extracts have a specific action in increasing 
the extent of the rhythmic movements of the spleen. Amongst these 
may be mentioned as having a marked effect curare and brain extract. 

7. The muscular tissue of the spleen in the dog and cat is 
innervated through an extraordinarily large number of nerve-roots, viz. 
from the third postcervical to the fourteenth postcervical inclusive. 

8. The largest outflow of nerve fibres, if we may judge by the 
amount of contraction produced, occurs from the fifth postcervical to 
the ninth postcervical inclusive. 

_ 9. Reasoning in the same way, the outflow is in each pair of nerve- 
roots larger upon the left than upon the right side, «.e. it is not bilaterally 
symmetrical. 

10. Judging from the effects produced by intravenous injections 
of nicotine, the outflowing fibres probably have a cell-connection in 
the main ganglionic chain of the sympathetic, and perhaps another 
in the semilunar ganglion. 
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ON THE EFFECT OF A DIASTOLIC LOAD ON THE 
DIASTOLIC EXPANSION OF THE FROG’S HEART. 
By F. W. TUNNICLIFFE, M.D., MRCP. (One Figure in 
Text.) | 


THE question whether the cardiac diastole is an active or a passive 
process, remains so far as I am aware, in the same condition in which it 
was, after the publication in 1878 of Roy’s monograph’, which appeared 
some three years after Mosso and Pagliani’s* ‘Critica spermentale 
della attivita diastolica del cuore.’ 

Mosso and Pagliani argued against Luciani’s’ doctrine of an 
active diastole. Their experimental results however did not entirely 
disprove it, since they found that an excised Frog’s Heart beating 
spontaneously, t.¢. under no internal pressure, could expand against an 
external pressure which did not exceed from 1°5 to 2cm. of water. The 
force required to raise a column of water of the above height, they 
regarded as the maximum force which the ventricular diastole could 
develope and considered it due to the elasticity of the cardiac wall, 
which after a contraction returned to its state of equilibrium‘. 

Roy’ also advocated the view that the diastolic expansion was not 
an active process ; his results however differed from those of Mosso and 
Pagliani in that he found an excess of the intra-cardiac over the 
extra-cardiac pressure, to be a necessary condition for the occurrence of 
the diastolic expansion of the heart. Assuming the extra-cardiac pressure 
to be nil the intra-cardiac pressure must amount to from 0°5—1 cm. of 
water to allow diastolic expansion to take place. The difference as to 
the question of fact seemed to me of sufficient importance to make 
further experiments desirable, especially as this difference although 
absolutely small is, relatively to the bulk of muscle under consideration, 


1 This Journal, 1. 452. 1878-79. 

2 Torino, 1876. 

3 Dell’ attivita della diastole cardiaca, Bologna, 1871. 
* loc, cit. page 51. 
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viz. the frog’s ventricle, great. For the experiments I have used the 
apparatus, a diagram of which is subjoined. 


This apparatus as will be seen from the diagram consists essentially 
of a Williams’ Frog’s Heart apparatus, considerably modified however 
by subsequent workers. @ and a’ are two Marriotte’s bottles serving as 
the reservoirs for the poisoned and unpoisoned Ringer’s fluid, which in 
these experiments was used as the circulating fluid. a is the proximal, 
b the distal, Williams’ frog’s heart valve. c is the systolic load tube, it 
is through this tube that the heart propels the fluid which is supplied 
from the reservoirs. By keeping this tube at a constant height above 
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the level of the heart a constant resistance can be offered to the cardiac 
systole’. g is a piece of rubber tube capable of being connected with b 
by opening the clamp y. If bis clamped off from c and connected with g, 
and a long glass tube held or clamped vertically is attached to g, we have 
a means of gauging the height to which the heart can pump fluid, i.e. of 
measuring the absolute force of the heart*. The absolute force tube was 
only used in this experiment for the purpose of producing fatigue of 
the heart. / is a small plethysmographic chamber containing the heart. 
This chamber is by means of the tube ¢ connected with the tube e and 
when the clamp 7 is open with the syringe f This tube is attached to 
a centimetre scale which reaches from the table to a point just above 
the bottom of the tubes in the Marriotte’s bottle. This tube I have 
called the diastolic load tube, as by raising the level of fluid in it by 
means of the syringe fa measurable load can be applied to the cardiac 
diastole. With the arrangement of the apparatus represented in the 
diagram, when the fluid stands in the tube e at a point just above 11 
centimetres, no load is applied to the diastole; supposing however the 
fluid stood at 22 centimetres the diastole would be loaded to the extent 
of 11 centimetres of Ringer’s fluid. Each diastolic expansion causes an 
oscillation of the fluid in the tube e of a definite amplitude which can 

be measured on the scale, the amplitude, the height of the reservoirs and 
the height of the systolic load being constant, depending upon the 
magnitude of the diastolic load, i.e. the height of the column of fluid in 
e, above the level of the base of the ventricle. By means of this appa- 
ratus a graphic record can be taken of the cardiac pulsations under 
varying diastolic loads. The most convenient way of doing this was 
found to be by attaching to the end of the tube e a } piece, the long 
limb of which was placed horizontally and was closed by a ground glass 
stopper. The end of the vertical limb not attached to the tube e was 
connected with a rubber tube which communicated with a tambour. 
The lever of the tambour recorded the oscillations of the fluid in e on 
a revolving cylinder. The ~ piece and stopper were introduced for the 
_ purpose of avoiding the error which would arise from the air becoming 
compressed in the tubes connected with the tambour when the level of 


1 Fora full description of the ‘‘ systolic load’’ tube see Dreser, Arch. fiir exp. Pharm. 
und Path. xx1v. 221, 1887. Dreser termed that resistance to the cardiac systole which 
gave a maximum pulse volume, the optimal load (‘ optimale Belastung”’) for the given 
heart. The systolic load tube has since been sumewhat modified by Jacobi. Santesson, 
ib, xxxm. 827. 1898. 

? Durdufi, ibid, xxv. 448. | 
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the fluid in ¢ was raised. After each change of level of the fluid in e 
the stopper was removed for a moment and then replaced. 

The method of using this apparatus was as follows. The heart was 
prepared and introduced into the chamber A in the usual manner, it 
was however essential for these experiments that the heart should not 
leak. The fluid in the tube ¢ was adjusted to a level corresponding to 
that of the base of the heart. The nutrient fluid was then allowed to 
circulate through the heart. The intra-cardiac pressure, te. the height 
of the reservoirs and the systolic load were so arranged as to give a maxi- 
mum oscillation of the fluid in the tube e, and were then kept constant 
throughout the experiment. When the action of the heart had become 
regular, the fluid in the tube e was raised until the column of fluid 
ceased to oscillate, the height of the column was then read off in centi- 
metres and the height of the base of the heart above the table subtracted 
from it, the remainder being the diastolic load requisite to arrest: the 
diastole of a given heart working under a given intra-cardiac pressure 
and against a given systolic load. 

The results of the experiments showed that the diastolic load 
requisite to arrest the diastole always fell short of the intra-cardiac 
pressure by from -4—‘8cm. This difference was different for different 
hearts, and must be regarded as measuring the resistance offered by the 
ventricle to expansion, as when a living heart was replaced by a dead 
one the column of fluid rose to a height in the tube e identical with 
that of the Marriotte’s bottles. Under these circumstances it was to 
be expected that this difference would vary under other than normal 
conditions ; this was found to be the case. Fatigue, which was produced 
by allowing the heart to beat against a high resistance, diminished the 
difference, i.e. increased the load necessary to produce arrest of the 
diastole. Potassium and large doses of digitalis acted similarly, whereas 
calcium and small doses of digitalis had an opposite effect. 

It will be seen that as regards the question of the relation between 
the diastolic load and diastolic expansion my results confirm those of 
Roy and are against those of Mosso and Pagliani. 
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OBSERVATIONS ON THE MEDULLATED FIBRES OF 
THE SYMPATHETIC SYSTEM AND CHIEFLY ON 
THOSE OF THE GREY RAMI COMMUNICANTES. 
By J. N. LANGLEY, FRS,, Fellow of Trinity College, Cambridge. 


SoME account of the medullated fibres of the grey rami of the sympa- 
thetic ganglia I have already given’. I came to the conclusion that 
the great majority of the small medullated fibres in the grey rami arise 
from-the nerve cells of the sympathetic ganglia—and that a few, chiefly 
large fibres, arise from the cells of the spinal ganglia. 

I propose to deal here more fully with the origin of these medul- 
lated nerves. It may, perhaps, seem to be a matter of little importance, 
except as regards the main question of whether sympathetic nerve cells 
do or do not give off medullated fibres. But, in fact, the number of 
medullated fibres in the grey rami has been greatly underestimated. 
_ Thus the grey ramus given off by the 7th lumbar ganglion in the cat 
may contain more than 300 medullated fibres. It is, then, essential .to 
a proper understanding of the relation of the central nervous system 
to the sympathetic to know what connection, if any, these fibres have 
with the spinal cord. 

There are very few observations which bear directly on the question. 
The view that sympathetic nerve cells give off medullated fibres is of 
very old standing. Bidder and Volkmann? believed that nearly all, if 
not all, small medullated fibres arose from either sympathetic or spinal 
ganglion cells. They may be regarded as having proved that in the 
frog, small medullated fibres are given off by the sympathetic ganglia, 
and that in the mammal such fibres are given off by some of the ganglia 
on the course of the cranial nerves. Bidder and Volkmann, it must 
be remembered, rejected the view that Remak’s fibres were of nervous 
nature, 

In more recent times the prevalent view has been that sympathetic 


1 Phil. Trans, 1892. B. p. 114; Proc. Physiol. Soc. x11. 1898 (This Journal, xv.). “A 


Short Account of the Sympathetic System.” Separate Paper (Berne Congress), 1895. 
2 Die Selbstiindigkeit des sympathischen Nervensystems. Leipzig, 1842. 
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nerve cells in mammals give off non-medullated fibres only. Kélliker’ 
however, in an address on the sympathetic system states that he has 
arrived at the conclusion that in many cases the axis cylinder process 
of a sympathetic nerve cell becomes medullated. And Dogiel?*, though 
he did not actually find any medullated axis cylinder processes in 
mammalian sympathetic cells, holds the same view. 

We will first consider what are the possible origins of the medullated 
fibres of the grey rami. | 

1, They may arise from nerve cells in the spinal cord. In this 
case we should consider them to be efferent nerve fibres, although 
perhaps it is not quite definitely proved that every axis cylinder process 
sent off by a nerve cell in the spinal cord to the periphery is efferent. 

They may then pass to the sympathetic, (a) in the grey ramus of 
the spinal nerve by which they leave the cord, or (6) in some antes 
ramus, white or grey. 

2. They may arise from cells in the spinal ganglia. In this case 
we should consider them to be afferent nerve fibres. But we should do 
so on general grounds, for if there were in the spinal ganglia cells of the 
sympathetic type sending off efferent medullated fibres, they would not 
be distinguishable by the degeneration method from afferent posterior 
root fibres. 

The afferent fibres, as the efferent, may pass to the sympathetic, (a) 
in- the grey ramus of the nerve to which they belong, or (6) in some 
other ramus, white or grey. 

8. They may arise from cells in the sympathetic ganglia. Here 
also there are two possibilities to consider, viz. whether these fibres arise 
(a) from cells in the ganglion from which the grey ramus arises, or (b) 
from cells in some other ganglion. 

Most of these possibilities can be tested decisively by the Wal- 
lerian method, and by it alone. 

Before proceeding to the results of the degeneration experiments, it 
is necessary to state briefly the normal distribution of medullated fibres 
in the trunk of the sympathetic, 

In the cat—with which we are chiefly concerned—the whole length 
of the sympathetic chain, except in the ganglia, consists in much the 
greater part of medullated nerve fibres. This is clearly seen both in 
transverse sections and in teased preparations, and in the sacral and 
coccygeal regions, as well as in the lumbar and thoracic regions. 


1 Kélliker. Wiener klin. Wochensch. Nos. 40 and 41. 18094. 
2 A. 8. Dogiel. Archiv f. mik. Anat. xuvt. p. 805. 1895, 
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A certain number of non-medullated fibres are however found. At 
any one place, most of these form a small bundle, which can be traced 
from a ganglion to a neighbouring white or grey ramus’. In the lumbar 
and sacral regions when the ganglia are regularly arranged, such grey 
bundles, if present, run for the most part downwards, and issue at the 
level of the next lower ganglion. When a white ramus enters the sympa- 
thetic a short distance above a ganglion, then a grey bundle runs 
upwards to issue in the white ramus. When the ganglia are irregular 
in position—and this is frequent in the sacral region—the grey bundle 
may run up or down, and for a rather longer course. Thus it may 
happen that the Ist sacral ganglion is large, and that the tnd sacral 
ganglion is barely represented. In such case, grey fibres may pass in 
the sympathetic trunk from the Ist sacral ganglion, and from the chief 
part of the Imnd sacral grey ramus, and even a part of the Uird sacral grey 
ramus. This I take to mean that the apparent Ist sacral ganglion is, in 
such case, really a compound ganglion, containing most of the nerve 
cells of the normal tnd sacral ganglion ; just as the ganglion stellatum 
contains the cells of the lower cervical and of the first two or three 
thoracic ganglia. 

A considerable portion, then, of the grey fibres of the sympathetic 
trunk are grey rami running with the trunk for not more than one 
segment. 

Other non-medullated fibres, which I cannot trace into the grey 
rami, I think are probably the protoplasmic processes of the nerve cells 
ending free between the fibres and cells of the sympathetic chain. 

But, as I have said, the non-medullated fibres are in a small minority 
in the trunk of the sympathetic in the cat. 

In the rabbit the state of things is different. Here are more non- 
medullated and fewer medullated fibres, especially in the sacral and 
coccygeal regions. In the latter indeed very few medullated fibres occur. 
This I hold* is due to the pre-ganglionic fibres losing their medulla at 
some little distance before they make connection with the nerve cells. 

' In the cat, the medullated fibres of the sympathetic appear to be 
somewhat smaller than in the dog. In the dog, I found that most of 
the nerve fibres could be classed as belonging to one of three types, viz. 


1 For physiological observations on this point, op. This Journal, xv. 201. 1893. 

2 Cp. Phil. Trans. 1892, p. 119. I there stated that medullated fibres are few below the 
IInd sacral ganglion, Later I found that was not the case in the cat (Proc. Phys. Soc, 
1893), and in subsequent observations on the rabbit I have found considerably more 
medullated fibres in the lower sacral region than I observed then. 
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large fibres about 8 » in diameter, medium fibres about 5 yw in diameter, 
and small fibres about 3 in diameter, though all sizes from 2 to 12 
were present, ‘ 

In the cat the corresponding fibres are about 7 w, 45 and 25y; 
fibres from 2 to 10, and occasionally of greater diameter than 10 p, 
being also present. The fibres which run to the Pacinian bodies are 
usually 7 to 7°5 w, but rather smaller and rather larger fibres also run to 
these bodies. 

The large and medium fibres are most numerous in the lower dorsal 
and upper lumbar region. Here, too, they are somewhat larger than in 
the lower lumbar region. Most of them pass out in the splanchnic and 
inferior mesenteric branches. Below the last of these branches, and 
occasionally a short distance above, there are few fibres larger than 5 yu 
diameter. Thus between the viith lumbar and the Ist sacral ganglion, 
two to five fibres of 5 uw to 65 w are usually present. There are a variable 
number of 3°75 to 5y, with deeply stained medulla. And it is by no 
means easy to decide whether those near the lower limit of size belong 
to the medium or to the small fibre class. Below the Ist sacral ganglion, 
the medium and large fibres diminish in number, but sometimes one and 
sometimes two, undoubtedly not belonging to the small fibre class, may 
occur at the level of the Ist coccygeal ganglion. 

In the grey rami the size of the medium and large fibres varies 
fairly closely with the size of those in the adjoining sympathetic trunk. 
In the sacral grey rami fibres above 5 yw in diameter are rare, but there 
may be a fair number of about 4m diameter, which differ markedly from 
the fibres of 2°5 « diameter. 

The term ‘grey ramus’ is one rather of convenience than of 
anatomical accuracy. In most cases, a sympathetic ganglion sends off 
two filaments to the corresponding spinal nerve. These often surround 
the vertebral artery, interlace——at this spot there may be a group of 
nerve cells—and pass on as one or two obvious strands to the spinal 
nerve, and one or more small strands to other structures. Moreover the 
ganglion often sends direct one or two small filaments to the vertebral 
artery, aorta, or some structure other than the spinal nerve. Now and 
then one of these small filaments has a relatively large proportion of 
medullated fibres above 4 in diameter. Occasionally when a grey 
ramus branches, a medium sized medullated fibre of one branch may be 
seen curving round into the other, without having any connection with 
the sympathetic ganglia. 

In this account, when I speak of a grey ramus, I mean, unless 
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otherwise is stated, the one or two strands which run to the spinal 
nerve; these strands were taken near the ganglion unless this portion 
contained nerve cells, in which case the ramus was taken peripherally 
of the nerve cells. The number of medullated fibres in the portion 
of the grey ramus taken does not always give accurately either the 
number of medullated fibres which actually. join the spinal nerve, or 
the number which issue from the ganglion. The number is however 
more than sufficiently accurate for my purpose. Greater accuracy is 
of doubtful value, since the number of medullated fibres in the grey 
rami varies with the arrangement of the spinal nerves, 1.e. whether 
they are anterior, median, or posterior, and this is especially the case 
with the upper sacral grey rami. 

It may be remarked that the number of small medullated fibres is 
in general proportional to the size of the grey ramus, t.e. to the humber 
of non-medullated fibres. 

Counting the number of medullated fibres is not unattended with 
difficulty, for many of the small medullated fibres and some 3 to 4, in 
diameter take a very faint stain with osmic acid. The strands must be 
teased out into very slender filaments, and examined under a bright 
light, with a high power; a diaphragm with large but not too large 
aperture should be used. 

The nerves should be placed successively in 1 p.c. osmic acid for 
several hours to a day, in running water for half-a-day, in 75 p.c. alcohol 
for half-a-day, and finally in glycerine. They should be examined 
without long delay. If the nerves are kept in alcohol, they become 
brittle, the non-medullated fibres become dark, and the whole useless. 

In a properly treated specimen, fibres of more than 4,4 are always 
deep black and very conspicuous. Fibres of less diameter, even those 
of 24% may be obvious, though naturally less conspicuous. When 
counting the number of medullated fibres in a specimen, I have usually 
counted the number of large, medium, and small fibres present. In 
doing so, I have reckoned fibres of about beds as medium sized fibres 
provided they are deep-black. 

In the Protocols of the experiments I have put the number of large, 
medium, and small fibres in order; thus in the Table on p. 61, the 
vith lumbar grey ramus contained 1 large, 1 medium, and 183 small 
fibres which were sound, and 8 small fibres which were degenerated. 
This is indicated by the figures 1.1.183; 0.0.8. When only two 
numbers are given, the first indicates the number of large and medium 
fibres together. 
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I do not however wish to lay any great stress on the numbers of 
medium and large fibres noted, partly because, as I have said, fibres 
intermediate between small and medium, and medium and large, occur, 


so that slight swelling or shrinking may place the intermediate fibres 


in one animal in one class, and in another animal in another class, and 
partly because I have not in all cases actually measured the fibres. 

Most of the operations mentioned in this Paper were performed in 
conjunction with Mr Anderson to determine either the nature of the 
reflex effects obtainable in the sympathetic system’, or the distribution 
of the fibres of the nervus erigens*. All the observations were made on 
cats, with the exception of Exp. 9, which was made on a rabbit. 


QuEsTION OF TROPHIC CENTRE IN THE SPINAL Corb. 


To decide this, the nerve roots are cut, and in about a week, the 
sympathetic trunk and grey rami are examined. The fibres which are 
found degenerated may be taken to be fibres which arise from nerve 
cells in the spinal cord. 


Exp. 1. Jind and IIIrd Sacral and all Coccygeal Roots cut on 
both sides. 12 days. 


Sound Degenerated Sound Degenerated 
] about 60 0 — — 
IIL 8. right about 30 0.1.0 very many 0 
about 30 0 
right fairnumber 0.0.1 
III C. — — many 0.41.1 


The grey rami of the 11nd and urd sacral nerves contained a considerable 
number of fibres of 3:5 to 4 in diameter. The spinal nerves were of pos- 
terior (a) class. 

In the experiment just given, all the efferent fibres of the 2nd sacral - 
and lower nerves were degenerated. The grey rami of the Ind sacral 
ganglia contained together more than 100 medullated fibres, and not 


one was degenerated. The grey rami of the 11rd sacral ganglia contained 
together more than 50. medullated fibres and one degenerated. One 


1 This Journal, xvi. 410. 1894. Ibid. xrx. 372. 1896, 


3 
| 
4 
7 
4 
4 
4 


SYMPATHETIC MEDULLATED NERVES. 61 


degenerated fibre was also present in the left md coccygeal grey 
ramus. 

Similar results were obtained in experiments 10 to 12 (cp. pp. 65, 
66). In these however some nerves were cut centrally, and others 
peripherally of the spinal ganglia. Selecting those in which the section 
was central of the spinal ganglia we have 


Number of degenerated fibres in Grey Rami. 
VIL. WIL Ic 


Exp. 11 0 
Exp. 12 0 1 — ae 
Exp. 10 0 


Hence then the medullated fibres of the lower lumbar 
and sacral grey rami do not arise from the lower lumbar or 
sacral spinal cord. 

It is conceivable however that they might arise from higher regions 
of the spinal cord, especially from the nerves sending white rami to the 
sympathetic. This possibility was tested in the following experiments. 


Exe. 2. Ist to Vth Lumbar Roots cut on both sides, 10 days. 


Grey Rami 
Sound* Degen. White Rami 
XII Th. 25 XIII Th. medium to large. It contains a 


grey strand with one large fibre. 
No degenerated fibres. 


re VI L. Majority degen. The sound fibres 
are nearly all small, a few are 
about 

» VILL. Great majority 


0 
1 
0 
0. 
toVI 1.1.188 0.0.8 | Above Th. Many large and medium. Small 
0 


In a bundle of large fibres (7 to 8 x) running to Pacinian bodies near the 
inferior mesenteric artery, one and perhaps two were degenerated. Three 
fibres entering Pacinian bodies were degenerated. 

In the genito-crural nerve—consisting of large, medium, small and non- 
medullated fibres—6 medium to large were degenerated. 

The nerve strands were examined on the left side. 


IV L. 
VL. 
VI L. 7 
VII L. 
18. 
4 
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Exp. 3. Ist to VIth Lumbar Roots out on both sides. 13 days. 


Grey Rami 
| Degen. White Rami 
XIII Th. Few 0 Two ganglion. d medium 
and large fibres, very little grey; (2) 
few medium and large fibres, more grey. 
Neither any degen. 
IT L. Fair number, 0 Great majority degen. Two of 12 to 
all sizes 134 amongst them. 
IIT L. — Great majority degen. 
medium to Sound 
strand, 
IV L. Fair number, 1 Great majority degen. including two large, 
med. & small and a few medium. Sound fibres are 
chiefly medium. 


No degenerated fibres were found in the sympathetic trunk just above the 
thoracic ganglion. 


Exp. 4. XIIth Thoracic to Vth Lumbar Cord removed. 6 days. 


Grey Rami 
White Rami | 
IV L. -— Group of 4 | XITh. ? Two or three degen. 

VII L. 130 1 XII Th. Great majority degen., in- 
IS. Some medium, 0 cluding one or two large. 
many small IV L. Majority degen., including 

several medium. 


Bundles of degenerated fibres were present in the left splanchnic nerve, 
but the majority were normal. 

The fibres were nearly all degenerated between the vith lumbar and Ist 
sacral ganglia. 

At the 1md coccygeal ganglia there were many degenerated fibres, but an 
appreciable number were sound. 

The grey rami of the upper lumbar nerves contained sound fibres much as 
usual ; but they were not teased out, so that some degenerated fibres may also 
have been present. 


In the following three experiments the time allowed for degeneration, viz. 

17, 27 and 48 days, is sufficient for the complete absorption of the medulla of 
a greater or less number of degenerating fibres. They are, in consequence, 
chiefly available for information as to the presence of sound medullated fibres. 
The experiments were made by Prof. Sherrington, in connection with 
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his work on sensory nerves in muscle, and he was kind enough to allow me to 
take the lumbar and sacral sympathetic. 

Exp. 5, Ist to Vth Lumbar roots on one side cut, 17 days. The tvth lumbar 
grey ramus contained a moderate number of sound fibres and no degenerating. 
The vith lumbar grey ramus contained many sound fibres and no degenerating. 

Exp. 6. Ist to Vth Lumbar roots on one side cut. 27 days. No degenerat- 
ing fibres were seen in the x111th thoracic grey ramus, nor in the sympathetic 
trunk a little below the 1nd lumbar ganglion, nor in the vith lumbar grey 
ramus. The latter contained a considerable number of sound medullated 
fibres. 

Expr. 7. JlIrd to VIth Lumbar roots on one side cut. 48 days. The ist 


sacral grey ramus contained some sound medullated fibres of about 5 diameter, 
and a considerabJe number of small ones. 


In Exps. 2, 3 and 4, the roots of the first five lumbar nerves were 
cut, there was in consequence degeneration of all the efferent fibres 
running to the sympathetic chain by way of the lumbar white rami. 
In the grey rami the number of degenerated fibres was as follows : 


0 8 0 0 
Exp. 3 0 1 
Exp 4 — 4 


All these grey rami contained about their normal number of sound 
medullated fibres. These sound fibres then clearly could not be efferent 
spinal cord fibres joining the sympathetic trunk by way of the lumbar 
white rami. Nor could they be efferent fibres running to the sym- 
pathetic trunk by way of the upper lumbar grey rami. And we have 
seen that efferent fibres do not join the sympathetic trunk by the lower 
lambar or sacral grey rami. 

Hence, then, the medullated fibres of the grey rami, with 
the possible occasional exception of a few—are not efferent 
fibres having their trophic centre in the spinal cord. 

We may turn now to the few fibres which were found degenerated 
in some of the grey rami after section of the lumbar spinal nerve roots. 
These might be 

(a) Degenerated fibres occurring irrespective of the operation. In 
peripheral nerves the occasional occurrence of degenerating fibres under 
apparently normal conditions has been described by several observers 
and especially by S. Mayer. But as I have never seen in cats, dogs and 
rabbits a single degenerated fibre in the sympathetic apart from some 
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lesion, I do not adopt this explanation of the degeneration in the 

y rami. 

(6b) They might be afferent fibres injured during the operation or 
by pathological processes afterwards. In Exp. 2 it is clear that afferent 
fibres were to a slight extent implicated, for in a bundle of 11 fibres 
running to Pacinian bodies one fibre was found degenerated. I think 


it possible that this might account for one or two of the degenerated 
~ fibres of the grey rami. 


(c) They might be efferent fibres on their way to aberrant ganglion 
cells, On the course of the grey rami, small groups of nerve cells 
are sometimes found. These nerve cells belong, I hold, to the adjoining 
sympathetic ganglion. Just as medullated fibres run from the spinal 
cord by the white rami to branch out over the cells of a sympathetic 
ganglion, so if a portion of a ganglion becomes separated from the rest, 
some spinal fibres will continue on their course until they come in touch 
with the cells of the separated portion. A larger number of such fibres 
would I think be seen, were it not that some of the medullated spinal — 
fibres lose their medulla an appreciable distance before connecting 
with the sympathetic nerve cells, On this view it would be probable 
that the degenerated nerve fibres would disappear from the grey 
ramus somewhere on its course to the spinal nerve. And in fact in 
Exp. 2, the vith lumbar grey ramus, which contained 8 degenerated 
fibres near the sympathetic ganglion, contained no degenerated fibres 
at its point of junction with the vith lumbar nerve. 

With regard then to the few fibres which degenerate in the grey 
rami after section of the upper lumbar nerve roots, we may conclude— 
(a) that they are chiefly at any rate efferent fibres joining the sym- 
pathetic by the white rami and running to aberrant sympathetic nerve 
cells on the course of the grey rami, and not entering the spinal 
nerves ; (b) that one or two may be afferent fibres implicated by the 
operation. 

But the most important fact to bear in mind is, that section of 
the roots of the first five lumbar nerves caused no degeneration at all 
in five out of the ten grey rami examined. 


QUESTION OF TROPHIC CENTRE IN THE LOWER LUMBAR 
AND SAcCRAL SPINAL GANGLIA. 


Here the nerves were cut in the vertebral canal, peripherally of 
the posterior root ganglia. In several of the experiments this was 
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not done with all the nerves, but some of them were cut centrally 
of the spinal ganglia. 


Exp, 8. Section Ist to IVth Sacral Nerves on Left side. 11 days. 


Grey Rami Sympathetic Trunk 
“Sound Degen. Sound Degen. 
IS. Mainramus 0.0.191 0 AboveII 8. Verymany 1 
Two rami 0.2.20 1 Above IC. Verymany, 0 
Fairnumber, small 0 
Il 1 small to medium 0 
11 small 


8. 

8. 

The right vm L. grey ramus contained 1 medium to large, many small. 
None degenerated. 


Exp. 9. Rabbit. Ist, IInd, II1Ird, 1Vth, Sacral Nerves cut on Left side. 


7 days. 

Grey Rami Trunk above Ganglion 
Sound Degen. Sound Degen 

1 8. left Few 4 1. many 1 

- 6 1 0.2. many 0 

II 8. left 0 l 0. many 2 

t — — 0. fair number 0 

0 0 


Roots cut’. 7 days. 


Grey Rami Trunk above Ganglion 

— 

2. man 0 

TLS. about 0 Many” 0 

IIT 8. — 0 

IC. l 

II C. — 0 Few small to med. 0 
Many small 

IIT C, Many 0 


Exp. 11. Vith Lumbar, VIIth Lumbar, Ist Sacral. Right side. 13 days. 


The vith lumbar nerve was ligatured centrally of the ganglion; the vuth 
lumbar ganglion was cut through about its middle; the 1st sacral nerve was 


PH. XX. 5 


Exp. 10. JInd and IIIrd Sacral Nerves and Coccygeal Nerve 
1 These nerves were cut on the left side, on which the sympathetic was examined. ' 
On the right side, the IInd sacra] nerve, and the nerve roots below were cut. a 
2 There were scarcely any non-medullated fibres. . 4 
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ligatured centrally of the ganglion, but close to it, so that a few of the cells 
were injured, and a few sensory fibres degenerated. 


Sound Degen. Sympathetic Trunk 
VIL. Some medium to 0 Above 18. Many sound; few larger than 
large, many small 8'5u. 4degen., of these 2 med. 
VIIL. Some medium to 0.2.0 to large. 
large, many small Above 11 | "Tow re two fre Be- 
18. ve w 10. are two above 
S. Some med., many 0.4.0 10.) 


Exp. 12. End of Spinal Cord excised. 9 days. 
Ganglia of vith and vitth Lumbar nerves intact ; ganglia of lower nerves 


excised. 
Grey Rami 
VIL. left Fair number 0 
VII L. right Some medium 7 medium 
Many small 

T 8. left 4nuto6z 8 
Suto4n —12 
25uto3n —22 
to —18 -0 
right Few medium #0 

Fair number small 


No degeneration found just above ist 8. right. 


In the preceding experiments we are dealing entirely with the 
lower lumbar and sacral nerves, that is with nerves which send no 
white rami to the sympathetic. 

Putting together the cases in which the degenerated fibres in the grey 
rami were counted when there was degeneration of both efferent and 
afferent fibres of the corresponding spinal nerve, we have 


Vil L. II 8. III 8. 
Exp. 8 — 1 0 0 
Exp 9 — 4 1 0 (Rabbit) 
Exp.10 — 0 0 
Exp. 11 2 4 _ — (cp. original) 
Exp.12 — 4 


The results show decisively that the great majority of the 
medullated fibres of a grey ramus have not their trophic 
centre in the posterior root ganglion of the corresponding 
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nerve, and they indicate that a few fibres, chiefly medium 
and large, have this connection. 

The next step in the inquiry was no doubt to cut the upper 
lumbar nerves peripherally of the spinal ganglia, in order to determine 
whether the white rami contain afferent fibres passing peripherally 
in the grey rami. This step, however, I thought might be omitted, 
and the same end reached by cutting the lumbar sympathetic at 
different levels. 


QUESTION OF TROPHIC CENTRE IN THE Upper LumBarR SPINAL 
GANGLIA AND IN THE SYMPATHETIC GANGLIA. 


It is perhaps hardly necessary to recall that in cats in which the 
arrangement of the lumbo-sacral nerves is posterior or median, the 
vth lumbar nerve is the last to send a white ramus to the sympathetic ; 
and that in those in which the arrangement is anterior, the Ivth 
lumbar nerve has the last white ramus instead of the vth. The white 
ramus does not run to the sympathetic ganglion corresponding to its 
own spinal ganglion, but to the one next below this; the lower white 
rami usually join the sympathetic trunk a little distance above the 
ganglia, And there may be two white rami from one spinal nerve. 


Exp. 13. Sympathetic cut above Vth Lumbar Ganglion, including 
White Ramus from IVth L. on left side. 7 days. 


Grey Rami 
Sound Degen. 
IV L. Small branch 4.4.11 0 Trunk below [Vth ganglion; no degeneration. 
To IVth nerve 6.24 0 The ramus to the [Vth nerve was taken peri- 
. pherally of a small ganglion on its course. 
VL. Upper branch 2.2.45 0.8.15 Just above Vth ganglion, no sound fibres seen. 
Lower branch about 30 0.2.8 The lower branch was taken peripherally of 
a small ganglion. 
VIL. To(?)Vthnerve 2.2.52 0.1.0 
To VI upper br. 0.2'.87.25° 0.1'.4°.6 | }About5y. *About3z. * or less. 
»  lowerbr. 0.2.4. 23 0.0.0.2 
VII L. To Vilth nerve 0.6.819 0.1.20 
To other tissues 0.4.100 0.0.8.0 | * Nearly 
I 8. 0.1.6 
II 8. Main branch 1.3.21 0.1.0 From the Ist sacral downwards there were 
Small branch 8.6.15 0.0.1 very few sound fibres in the sympathetic 
Itt 8. 0.1.40 0.0.0 trunk, of these one or two were about 4u 
Ic, 0.2.77 0.0.0 in diameter. 
Br, to artery 0.0.30 0.0.9 


5—2 


é 


68 J. N. LANGLEY. 


The nerves were examined on the cut, é.¢. on the left side. 

There was a small white ramus from the vth lumbar nerve, joining the 
sympathetic below the vth lumbar sympathetic ganglion ; most of its fibres 
ran obliquely to the mesentery, a part descended, and a part ascended issuing 
in another strand running to the mesentery. It contained 9 fibres 5p to 10y 
in diameter, and many small ; none were degenerated. A grey ramus running 
with it contained, sound 5. 5, degenerated 1 . 4 fibres. 


Exp. 14. Sympathetic Trunk cut between Vth and VIth Lumbar 
Ganglia on left side. 8 days. 


Grey Rami ' 
Sound Degen. 


VIL — Nearly all degen. 
16 sound. Small. 

VILL. 0.1.270 0.1.6 
II 8. Nearly all degen. 


Exp. 15. Sympathetic cut on both sides betwoon Vith and VIIth 
LIwmbar Ganglia. 6 days. 


Grey Rami 
Sound Degen. 
VII L. Right To vith nerve' 3.13.27 O.¥.13 
Left To vith nerve 5.14.85 0.2.6 
I 8.2 Left 0.13.11 0.5.7 


Just above the Ist coccygeal ganglion there were many degenerated fibres, 
and a few sound, of the latter 3 were medium to small. 


1 The ramus was given off from the u end of the VIIth ganglion; it was 


2 The Ist nerve was small, the arrangement of nerves being markedly 
anterior. 
Exp. 16. Sympathetic Trunk cut below VIIth Lumbar Ganglion 
on left side. 6 days. 
Grey Rami 
Trunk above Ganglion 
I 8. 124abt. 1.1.5 | All ?7; t 1,1.125 N 
Right grey ramus o degen. 
II 8. Great majority degen. , ¢ trunk 8 to 10 degen. 


The experiments show that section of the sympathetic trunk causes 
distinctly greater degeneration in the grey rami than is caused by 
section of the roots of the lumbar nerves or of the sacral nerves 
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peripherally of their ganglia. Thus the number of degenerated fibres 
in the several grey rami, including the small branches given off by the 


ganglia, was | 
VL. VIL VIL I8 WS. Ms. I0. 
Exp. 13. Cut above V L. 2 4 21 7 2 0 0 


Exp. 14. OCutabove VIL — 7 
Exp. 15. Cutabove VIIL. — — r.-13' 12 — — 
1,—8 
Exp. 16. Cut above IS. — 7 
1 To Vith nerve. 


But the number of degenerated fibres—except in the case of the 
vth ganglion in Exp. 13,—which may have been directly affected— 
iz a small proportion of the total number of medullated fibres in the 
grey rami. 

Consequently the great majority of the medullated fibres 
in the grey rami must arise from the cells of the sym- 
pathetic ganglia. 

Moreover since the number of degenerated fibres in the grey ramus 
of the Ist sacra] is practically the same whether the sympathetic 
is cut above the vth lumbar or above the Ist sacral ganglion we may 
conclude, that the great majority of the medullated fibres 
of the grey rami arise from the nerve cells of the corre- 
sponding sympathetic ganglion. 

The same conclusion is reached by a somewhat different line of 
argument, When the sympathetic trunk is cut below the last white 
ramus, nearly all the fibres in the trunk below degenerate, whilst, as we 
have seen, the degeneration in the grey rami is comparatively slight. 
If then the grey ramus is one which contains a considerable number of 
medullated fibres, it may be obvious that there are more medullated 
fibres in the ramus than in the trunk of the sympathetic above or 
below the ganglion from which the ramus arises. This was the case, 
for example, with the mird sacral grey ramus in Exp. 13. The 
sympathetic above and below the ganglion and the grey ramus 
given off by it were teased out—without being separated from the 
ganglion. The preponderance of medullated fibres in the grey 
ramus was most striking. Similarly if serial longitudinal sections 
be made of a ganglion, such as the vith or vilth lumbar or the Ist 
sacral after section of the sympathetic above the vith lumbar ganglion, 
the rarity of sound fibres above and below the ganglion and the 
rarity of degenerated fibres in the grey ramus are equally conspicuous 
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features. In such sections, when the ramus, as is normally the case in 
the lumbo-sacral region, is given off from the lower end of the ganglion, 
the medullated fibres of the ramus are seen to run upwards, spreading 
out fan-ways through all parts of the ganglion. Since, as I have 
shown above, the sacral nerves send at most an insignificant number 
of fibres to the grey rami, it follows that some of the nerve cells of 
the ganglion give off medullated nerve fibres’. 

In Exp. 16 the vith and vith sympathetic ganglia were excised. 
In the corresponding grey rami nearly all the fibres were degenerated. 
Longitudinal sections were made of the vith lumbar nerve at the 
spot where the grey ramus joins it. The ramus divided, the larger 
part running peripherally, the smaller pact centrally, and close 
underneath the sheath of the nerve. Degenerated fibres were present 
in both. 

Since, then, the nerve cells of the ganglia of the sympathetic trunk 
send off a certain number of medullated fibres, we should expect that 
the same would be the case with other similar ganglia. Some facts in 
favour of this have already been brought forward by Mr Anderson 
and myself. We found that a few small medullated fibres were still 
present after degeneration of the rami to the inferior mesenteric 
ganglia*, and a few also in the nervus erigens—after section of the 
sacral nerves’. 

The strands given off by the superior cervical ganglion of the cat 
offer an easy field for the investigation of the question ; these, as I have 
mentioned earlier‘, contain many small medullated fibres. Section of 
the sympathetic in the neck, «e¢. centrally of the superior cervical 
ganglion, causes, as has been known since Waller’s observation 
in 1852, degeneration of the nerve up to the ganglion. This de- 
generation is complete. I have not found a single sound fibre out of 
the 2000 or more which occur in this region. On the other hand, 
peripherally of the ganglion there is not a single degenerated fibre. 

The medullated fibres, then, in the branches of the ganglion are 
either running from the ganglion cells, or else running to them from 
one of the cranial nerves. 

On section of the branches peripherally of the ganglion, nearly all 


1 When a normal grey ramus has a small ganglion on its course, it may sometimes be 
seen that the number of medullated fibres is less peripherally of the ganglion, than cen- 


2 This Journal, 184. 1894. Ibid. xrx. 877. 1896. 
* Ibid, xvrmr. 283. 1895. In the Paper ‘cut’ p. 283, line 25, is a misprint for ‘ cat’. 
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the fibres which remain connected with the ganglion are unaffected, 
whilst nearly all the fibres separated from the ganglion degenerate. 

Hence, then, nearly all the medullated fibres contained 
in the nerve strands given off by the superior cervical 
ganglion arise from nerve cells in that ganglion. 

As to the remaining fibres I have shown' that in the dog there are 
usually two small bundles which pass from the tympanic plexus to the 
internal carotid artery, and run thence to the superior cervical ganglion 
by the side of the anterior branches of the ganglion. Probably in the 
cat there are some homologous nerve fibres. 

The facts given above, allow some further conclusions to be drawn. 
More fibres degenerate in the grey rami when the lumbar sympathetic 
trunk is cut than when the anterior roots from the xuth thoracic to 
the vth lumbar are cut. We have seen reason to believe that the 
upper lumbar sympathetic ganglia do not send medullated fibres to the 
lower lumbar rami. And we may reasonably conclude that some 
proportion of the fibres which degenerate in the grey rami 
as the result of cutting the sympathetic trunk are afferent 
fibres having their trophic centre in the spinal ganglia of 
the nerves which send white rami to the sympathetic. These 
fibres are of all the sizes, which are proper to grey rami. 

The experiments give some support to the view that a few fibres of 
the grey rami, chiefly medium, and large, are afferent fibres arising from 
the posterior root ganglion. This in Exp. 15, in the sacral region all 
the fibres coming from white rami were degenerated. Nevertheless 
the grey ramus given off by the vuith lumbar ganglion to the vith 
lumbar nerve contained fibres varying in diameter from 4p to 6°5y. 
Bearing in mind the results of section of the sacral nerves peripherally 
of the posterior root ganglia, it is reasonable to suppose that some of 
these fibres arose from the posterior root ganglion of the vith spinal 
nerve. 

Such fibres ought when stimulated to produce reflexes of one sort 
or another even though slight. But in some experiments made earlier’, 
I could not find with certainty reflex action of any kind on stimulating 
either end of the grey rami of the lower lumbar or sacral nerves. It is 
clearly desirable to make further experiments on this point. 

We may pass now to some accessory matters arising out of the 
foregoing observations. 


Proc. Physiol. Soc. p. ii (This Journ. xv. 1898). 
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1. Decussation of medullated pre-ganglionic fibres in the sacral 
region. The spinal nerves which send fibres to the sacral and coccygeal 
ganglia have a bilateral action on the hairs of the tail' and on the 
external generative organs and genital skin’. The sacral and coccygeal 
grey rami have a unilateral action. Hence nervous impulses passing 
down the lumbar sympathetic of one side have a path open to them 
to the rami of the sacral and coccygeal ganglia of the opposite side. 
Such a path might be offered by processes of sympathetic ganglion 
cells, i.e. by post-ganglionic fibres, or by decussating fibres from the 
white rami, i.e. by pre-ganglionic fibres. On section of the lumbar 
sympathetic on one side, the former will not be recognisably affected, 
but the latter will degenerate, and if they are medullated, the de- 
generation will be easily seen. 

In Exp. 13 (see p. 67), in which the lumbar sympathetic was cut 
on the left side, the Ist coccygeal ganglia of both sides were examined. 
There were two strands connecting the ganglia. The medullated fibres 
in these strands were all small; 30 of them were sound, 43 were 
degenerated. No degeneration was found in the grey ramus to the 
Ist coccygeal nerve. In this case then about 40 medullated fibres 
passed from the lumbar nerves to the nerve cells of the opposite 
coccygeal ganglion. 

In this, and in other cases, the trunk of the sacral sympathetic 
on the uncut side showed a few but only a few degenerated fibres, thus 
in Exp. 14 (cp. p. 68) there were only 5 degenerated fibres between 
the Ist and lind sacral ganglia on the side opposite the lesion. It 
appears then that most pre-ganglionic fibres which decussate run 
direct to the opposite ganglion, and a few only continue on in the 
opposite sympathetic trunk. It is obvious however that irregularities 
in the position of the ganglia, might modify this arrangement. 


Mr Anderson and myself* found that many medullated fibres decussated 
in the inferior mesenteric ganglia, and passed down the opposite hypogastric 
nerve. Similarly in Exp. 13, given above, there were many degenerated fibres 
in the hypogastric of the left side—on which the sympathetic was cut—and 
75 in the hypogastric of the right side—on which the sympathetic was 
intact, 

2. Course of the lumbar white rami. Both from dissection and 
from physiological observation I have described the lumbar white 


1 This Journal, xv. 179. 1893. 2 Ibid. xix. 87. 1895. 
Ibid. 186. 1894. 
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rami as running downwards in the lumbar sympathetic, and as sending 
to it no ascending fibres. This is confirmed by the degeneration 
method. Section of the roots of the Ist lumbar nerve (Exps. 2 and 3, 
cp. pp. 61, 62) caused no degeneration at the x1Ith thoracic sympathetic 
ganglion. 

In Exp. 13, the section of the sympathetic was made so that any 
fibres—afferent or efferent—ascending the sympathetic from the 
white rami of the tvth or vth lumbar nerves would degenerate. But 
in the sympathetic trunk above the point of section there were no 
degenerated fibres. 

Since the white ramus of a given lumbar nerve joins the sym- 
pathetic below the ganglion corresponding to the nerve, it is probable 
I think that.in some cases a few fibres ascend the sympathetic trunk 
as far as the corresponding ganglion, so that for example a few fibres 
from the first lumbar white ramus, joining the sympathetic near the 
lind lumbar sympathetic ganglion, might ascend the sympathetic as 
far as the Ist lumbar sympathetic ganglion. 

And for a similar short distance, a portion of a white ramus, simply 
traversing the sympathetic on its way to a collateral ganglion, may 
run upwards in the sympathetic. Thus in Exp. 13 the vth lumbar 
white ramus, which was sound, sent two branches to the inferior 
mesenteric ganglion; one branch ran obliquely downwards, straight 
through the sympathetic trunk to the mesentery; the other ascended 
the sympathetic for about a centimetre and then ran to the mesentery 
in company with a large strand of degenerated fibres from the rvth 
lumbar white ramus. 

Another point in connection with the white rami is touched on 
in Exp. 4. Here the cord was cut at or about the junction of the 
roots of the x1th and x1ith thoracic nerves. The white ramus of the 
xIth nerve had at most a few degenerated fibres. It follows that 
few if any of the efferent fibres of the xith white ramus have their 
origin from cells in the spinal cord below the xith thoracic segment. 
That the anterior root fibres of the thoracic nerves arise mainly at 
any rate from their corresponding segments of the cord has been shown 
by Sherrington’ and by Griinbaum’. 

Finally I may say that the observations on the degeneration of 
fibres passing from the white rami, through the sympathetic to the 
splanchnic nerves and to the corresponding inferior mesenteric nerves, 


1 This Journal, xm. 707. 1892. Jbid. xvi. 876. 1894. 
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are entirely in favour of the view that these fibres have no connection 
with the nerve cells of the ganglia of the sympathetic trunk. 

3. Relative number of efferent and of afferent fibres in the white 
rami. It has been shown by Mr Anderson and myself that the 
branches of the white rami which run to the inferior mesenteric ganglion 
have a much larger proportion of efferent than of afferent fibres, and 
that in the hypogastric nerve the proportion is about 10 to 1. A 
similar preponderance is shown by the white rami themselves. On 
teasing out the white ramus of a nerve the roots of which have been cut 
(Exps. 3—5) it is obvious that the number of degenerated fibres is 
largely in excess of the number of sound ones. 

4. Degeneration in the sympathetic trunk above the point of section. 
In the experiments on section of the lumbar and upper sacral sym- 
pathetic trunk there were very few, and sometimes no fibres degenerated 
above the point of section. The facts are given in the following table. 


Place where sympathetic cut Result 
Exp. 13. Above Vth Lumbar ganglion Below [Vth Ganglion — no 
Exp. 14. Above Vith = * Below Vth “a — 4 degen. 
Exp. 16, Above Vith ” ” Below Vth > — 4 small degen. 
Above Vth es — no degen. 
Exp. 15. Above VIIth t side, below VI — no degen. 
Both sides side, above VI — 1 degen. 


The few fibres which degenerated were probably post-ganglionic 
medullated fibres of a small grey ramus, such as we have said (p. 57) 
may run upwards in the trunk for not more than a segment. 

Two conclusions may be drawn from the facts. 

In the first place, we may conclude that, if there are fibres of the 
nature of commissural fibres, connecting cells of one ganglion with 
cells of another, such fibres are not medullated. I have already argued 
that the cells of one ganglion do not send impulses to the cells of any 
other ganglion and to that point I shall return in a later Paper. 

In the second place, we may conclude that the sympathetic ganglia 
do not contain cells of the nature of spinal ganglion cells, at any rate 
so far as concerns the fibres which pass down the sympathetic from the 
white rami. For if there were, section of the sympathetic trunk would 
cause degeneration of fibres in the trunk above, in the white rami and 
in the posterior roots. In Exp. 13, a white ramus was cut, the central 
end of this showed no degeneration. And Mr Anderson and myself? 
found earlier that section of the strands running from the sympathetic 


1 This Journal, xvm, p. 184. 1894. 
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to the inferior mesenteric ganglion—practically branches of the white 
rami—may cause no degeneration in the central ends. 

This result would of course necessarily follow from Waller’s state- 
ment that section of a spinal nerve peripherally of a posterior root 
ganglion causes no degeneration in the nerve roots. It has however 
been said by more than one observer that the statement does not hold 
absolutely. Mr Anderson and myself have noticed some degenerated 
fibres (10 to 20), nearly all large, in the posterior roots of the sacral 
nerves after section of the nerves in the vertebral canal peripherally 
of the spinal ganglia. But we are inclined to attribute this de- 
generation to accidental injury of the nerve roots. It may be doubted 
whether conclusive results will be obtained except by section of the 
~ nerves outside the vertebral canal. To effect this section, so as to 
include the white ramus communicans, considerably increases the 
difficulty of the operation. Hence, then, I have thought it worth 
while to give above the result of direct observations on the sympathetic 
ganglia. | 

5. The maximum size of nerve fibre given off by the sympathetic 
nerve cells. My observations are not decisive on this point, but in view 
of the number of fibres of about 4 diameter which may be present 
in the grey rami after degeneration of the fibres descending the 
sympathetic, I think that some of this size must be of sympathetic 
origin. 


With regard to the medullated fibres given off by the sympathetic 
nerve cells, various possibilities suggest themselves. They might be 
fibres having some special function, such as inhibition, or they might 
pass to a special tissue as the erector muscles of the hairs. Or again 
they might be a temporary condition of the ordinarily non-medullated 
sympathetic fibre. But as all of these possibilities seem to me to have 
weighty reasons against them, I do not think it necessary to discuss 
them. The analogy of the medullated fibres proceeding from the 
ciliary ganglion points to their being efferent visceral fibres; and it 
is not impossible that the reason for the existence of both is of a 
phylogenetic nature. | 


GENERAL CONCLUSIONS. 


In the cat the grey rami communicantes of the ganglia of the 
sympathetic trunk and the rami given off by the superior cervical 
ganglion contain a variable but often considerable number of small 
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medullated fibres. Thus the grey ramus of the viith lumbar ganglion 
may contain 300. 

The great majority of these fibres arise from sympathetic nerve cells 
in the corresponding sympathetic ganglion. 

In some cases, but not always, a few arise from sympathetic cells in 
an adjoining ganglion. 

No efferent fibres run from the spinal cord to the sympathetic, by 
way of the grey rami. That nearly all the efferent visceral fibres run 
to the sympathetic by the white rami was shown, it is well known, by 
Gaskell. The rule stated by him is then absolute, 

In some cases, but not commonly, a few efferent medullated fibres, 
passing to the sympathetic by the white rami, leave the sympathetic 
by the grey rami. These are to be considered as fibres on their way to | 
aberrant sympathetic nerve cells lying in the grey rami before they 
reach the spinal nerves. 

The afferent medullated fibres of the grey rami are of various 
sizes, 24, 4, 64, and in some cases 8 to 124. These are few in number 
and rapidly diminish (especially those of more than 4y diameter), in 
passing from the lower lumbar to the coccygeal rami. 

Most of the afferent fibres join the sympathetic by white rami, but 
there is some evidence that a few, especially the larger ones, may run 
to the sympathetic by the grey rami. 

In the Rabbit, the grey rami contain hardly any medullated fibres, 
and it is not clear that in this animal the sympathetic cells give off 
medullated fibres. 

The white rami of the upper lumbar nerves contain many more 
efferent than afferent fibres. They consist of two parts, one part runs 
through the sympathetic towards the mesentery without sending any 
filaments to the ganglia of the sympathetic trunk; the other part 
descends the sympathetic trunk. Normally, no fibres from the white 
rami ascend the sympathetic trunk. 

None of the afferent fibres of the white rami have their trophic 
centre in the sympathetic ganglia. 

The lower white rami of one side send some medullated fibres 
to the sacral and coccygeal sympathetic ganglia of the opposite side. 

In the lumbar and sacral regions, the nerve cells of the sympathetic 
ganglia do not send medullated fibres to the ganglia above them, nor 
in all probability do they to ganglia below them. 
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REACTION-TIME APPARATUS FOR THE DETER- 
MINATION OF ASSOCIATION TIMES, AND OF 
DIFFERENCES BETWEEN REACTIONS TO AUDI- 
TORY AND VISUAL SIGNALS. By E. T. DIXON. 
(Two Figures in Text.) 


THE reaction-times are measured by a Hipp’s Chronoscope, which 
is practically a clock reading to thousandths of a second, which is started 
and stopped electrically. It can be arranged either to go only while 
the current is passing, or to go only while it is not passing. Only the 
former arrangement is employed with the apparatus I am about to 
describe. 

The special apparatus used in connection with the chronoscope 
consists of (1) a visual signal apparatus, (2) a ‘voice key’ for the 
reaction, (3) a second voice key to work with an auditory signal, (4) a 
control hammer. 

In the visual signal arrangement the exposure of the signal closes a 
circuit and starts the clock, the voice of the person reacting breaks the 
circuit again, and so stops the clock. The voice key for the auditory 
signal however also breaks a circuit, which in this case is a ‘short 
circuit, diverting so much electricity from the main circuit containing 
the chronoscope and the reaction voice key, that the clock will not go 
as long as it remains closed. 

The visual signal apparatus consists of a black screen with a hole in 
it, closed by a shutter, behind which a coloured card, or one with a 
word upon it, can be placed. The shutter is pivoted about a horizontal 
axle, a cam on which closes an electric contact as the exposure is made. 
The points to be noted in this apparatus are (1) that there is no noise 
at the moment the exposure is made, and that therefore it is available 
for testing the difference between visual and auditory reactions. (2) The 
electric contact is made without jerk or vibration, so that the current 
once flowing is not interrupted again, even momentarily; which is 
important as other visual signals I have tried would not work with the 
voice keys, owing to this point having been overlooked. (3) The card 
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can be rapidly changed out of sight of the person experimented 
upon. 

In the voice keys the current is broken by the vibration of a 
diaphragm against which the sound impinges. I have got the best 
results with a diaphragm consisting of a large ferrotype plate (14” x 10”) 
with a platinum contact in the centre, which can be adjusted by a fine 
screw. In the first one I made the diaphragm was vertical and the 
experimenter spoke directly against it; but as this arrangement made 
it difficult to see a visual signal without turning the head, I made a 
second one with a horizontal diaphragm and a copper mouthpiece 
formed like a cowl into which to speak. 

Although the vibration of the diaphragm momentarily interrupts 
the current, the contact is immediately re-made ; and a special apparatus 
has to be introduced into the circuit to prevent the current from again 
passing. For the auditory signal apparatus there is an arrangement 
attached to the frame of the diaphragm which is similar to Cattell’s 
key, described by Wundt. It consists of an electro-magnet, the current 
of which passes through its own core and armature, the armature being 
suspended so that the moment the current is broken it falls away, and 
the current cannot be re-made. A similar arrangement might be used 
in the voice key for reacting to the auditory signal, for in this arrange- 
ment a current is passing through the voice key even before the signal 
is given, though one not strong enough to start the chronoscope. But 
in the visual signal arrangement no current at all passes till the signal 
is given. The key is therefore so arranged that it is only on making 
the current by the signal that an armature at one end of the electro- 
magnet brings into action a spring which, when the current is moment-_ 
arily broken, lifts another armature from the other end of the magnet, 
through which the current passed, and so ensures the permanent 
interruption of the circuit. 

The control hammer is employed to check the readings of the 
chronoscope, which are found to vary, especially with any alteration in 
the strength of the current employed. It differs in some details from 
Wundt’s hammer, though it is identical in principle. 

Figs. 1 and are diagrams of the Control Hammer. 

A’ A* are platinum points on the ends of rods which form parts of 
the fixed arc, which is connected to the binding screw £. 

B B are platinum points fixed to the iron head of the hammer, 
which is connected through its shaft and axle to a binding screw F on 
the bracket which contains the centres about which the hammer pivots, 
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C" CO are long steel springs ending in platinum plates which form 
contacts with the above platinum points, either A’ or B' being in 
‘contact with C" and either A? or B* with C*, according to the position of 


the hammer. The springs are connected to binding screws D' D* on an 
ebonite disc carried by the axle of the hammer, and are insulated from 
the shaft of the hammer and the binding screw F. 


_ H’ @ H* G* is a commutator, shown diagrammatically. It consists of 
four brass plates, two of which, G', G*, carry binding screws. A double 
plug can be inserted diagonally so as to connect either G@' H' and G* H? 
or else to connect G' H* alone, the hole between G* H" being bored out 
so that the plug does not make contact between them. 

The connections may be made as follows. 


| 

Fra. 1. 

{ 

Fra. 2. 
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(1) “Break-Make.” Connect H' with #, H* with D* and G* with 
D*. Insert the plug to connect G’ H* and G* H*. Attach terminals of 
battery to G', G*. Then current goes from G@' to the arc and thence 
through one or other spring to @*, except while the hammer is falling, 
when both contacts at A', A* are broken. 

(2) “Make-Break.” Same connections but plug in opposite 
position, connecting only G’ H*. Then current goes from G@' by H* 
to C* and out by C', D', G*, but can only pass through the hammer 
head while the hammer is falling, as at other times the contact at B' 
or that at B* is broken. : 

(3) “Break-Break.” Disconnect D' from G* and connect it to F 
instead. Plug as in first arrangement. Battery connected to F, the 
circuit to be broken, first coming out at G', the other at G*. The former 
circuit passes from F to D’ along the spring C’ to A‘ and is broken as 
soon as the hammer catches the spring C’. The latter circuit passes 
through the shaft of the hammer to the spring C* and so to A* and G?, 
until the spring CO’ is caught by the point A*, when the contact B* C* 
is broken. 

(4) “Make-Make.” Connect D' with G*. Disconnect D* from H* 
and connect it to F. Battery connected to F, the circuit to be first 
made to G*, the other to G'. The former circuit passes from F along 
shaft of hammer to B', and so to C' and G*, as soon as the hammer 
catches the spring ©. The latter circuit passes from F to D*, along 
the spring C? and through A’ to G* when the stop A* has caught the 
spring 

The connections of the screws D' D* to the fixed screws are made 
by fine coiled. wires so that the effect of their stiffness on the motion of 
the hammer is negligeable. 

When using arrangement for experiments (2) it is necessary after 
control experiments to reverse the position of the plug in order that 
the circuit may be made. With the other arrangements this is not 
necessary—but with (3) the hammer must be left at the top, and with 
(4) at the bottom during a series of experiments. It is never necessary 
to disconnect the hammer altogether. 

For longer times than 400¢ it would be better to have the counter 
weight below instead of above the axle. This would give the hammer 
a greater acceleration at first, and yet its velocity might be reduced, 
so that I believe there would be no difficulty in making a small hammer 
to give reliable results up to 1000c. 

There is a hole in the bed of the instrument through which the 
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head of the hammer falls upon a loose block of wood, covered with felt, 
which rests on the table; so that the blow does not fall directly on the 
instrument itself. The bed is supported on two feet and a levelling 
screw K, and a small spirit-level in the bed enables the experimenter 
to place the instrument always in the same position. 

The upper platinum point A’ is carried on a frame which slides on 
the are, and may be clamped at different heights. This adjustment is 
however superfluous with a hammer of the size of the one I have 
made—as I can get all the intervals I require with the point in its 
highest position. With a very large hammer it would however be 
better to get short times by reducing the arc, rather than by letting 
the hammer fall fast, as the blow in the latter case might be sufficient 
to disturb delicate apparatus. Even with a small hammer it is not 
advisable to place it on the same table with the Hipp or voice keys. 

The use of the control hammer is to check the readings of the 
chronoscope. Having found an error in its readings we may either 
attempt to correct it by altering the strength of the current and 
adjusting the chronoscope itself, or else we may take the readings of the 
clock as they stand and apply a correction afterwards. The latter 
method is, in my opinion, the most expeditious and satisfactory, at 
any rate when it is required to use the chronoscope in more than 
one series of experiments. For, even if the current and chronoscope 
can be adjusted to give correct readings with one arrangement 
of apparatus, a new adjustment would be required whenever the 
arrangement was altered; as for instance in changing from a visual to 
an auditory signal; and the adjustments required are such as cannot 
in any case be carried out rapidly. With the particular instrument we 
use in this Laboratory, and the arrangements of apparatus I have 
described, I have not succeeded in getting it to read without sensible 
error at all; in the case of the auditory signal the error is quite 
considerable. That part (the more troublesome part) of the error, which 
is due to the variation of rapidity in the action of the magnets of the 
chronoscope, can however easily be eliminated after a series of control 
experiments; for it will be constant for all experiments with the same 
arrangement of circuits. The other part of the error, which is due to 
the rate of the chronoscope, would not be so easily eliminated in this 
way, and should be corrected by adjusting the mechanism of the 
chronoscope itself. 
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ON THE ACTION OF LARGE DOSES OF DILUTE 
MINERAL ACIDS ON METABOLISM. By JAMES 
CRAUFURD DUNLOP, M.D., F.R.C.P. Edinb. 


From the Laboratory of the Royal College of Physicians of 
Edinburgh. 


RECENTLY when investigating the excretion of oxalic acid in urine’ 
I had occasion to administer both to myself and to patients large 
doses of dilute hydrochloric acid, and observed that these produced 
very considerable changes in the quantity and composition of the 
urine. As these changes have not to any extent been previously 
described, I made the following observations to more fully investigate 


The subjects of observation were patients in the Royal Infirmary 
and Chalmers Hospital, and I am indebted to Dr James and Dr 
Muirhead for putting them at my disposal. 

The diet in all cases was strictly fixed, and the ingredients measured 
and analysed in the laboratory. 

The urine and feces were carefully collected, and well mixed 
samples of them were examined. 

The methods of analysis adopted were as follows :— 

Total nitrogen—Kjeldahl’s method. 

Urea nitrogen—Pfliiger and Bohland’s method. 

Ammonia nitrogen—Schlissing’s method. 

Extractive nitrogen—Calculated by subtracting the amounts of 
urea and ammonia nitrogen from the total nitrogen. 

Acidity of urine—Titration with decinormal soda solution. 

Tables showing the particulars of the observations, diet, weight, 
analyses of urine and feces, etc. appended at the end of the paper. 

The changes observed in the urine, indicating changes of the 
metabolism, affected (1) the quantity, (2) the specific gravity, (3) the 
acidity, (4) the excretion of alkalis, and (5) the quantity and dis- 


1 Journ. of Pathol. and Bacter. m1. p. 889. 1896. 
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tribution of nitrogen. I shall consid@r these seriatim, and in doing 
so refer to previous work on the subject. | 

Il. The quantity of urine. In all three observations there was 
a marked increase of the quantity. of urine voided during the periods 
when acid was administered as compared to that of the periods when 
no acid was administered. In the first experiment the effect of the 
acid was to increase the average daily quantity of urine from 1459 c.c. 
to 2375 c.c., and average daily increase of 914 cc. or nearly 63 per 
cent. In the second experiment the quantity of urine was increased 
from 1283 c.c. per diem to 1842 c.c., equivalent to an average increase 
of 559 ec. per diem or nearly 43 per cent. In the third the average 
increase was 717 c,c. per diem or nearly 46 per cent. The average 
daily increase of these three observations was 721 c.c. or nearly 51 
per cent. 

These results corroborate my previous observations referred to, 
for I noted that the administration of hydrochloric acid increased the 
average daily quantity of urine in one instance from 1233 cc. to 2325 
c.c., in another from 1266 c.c. to 1650 c.c., and in another from 1900 
c.c, to 2850 c.c.: these increases being equivalent to an average in- 
crease of 57 per cent. | 

A further corroboration is in a paper by Coranda’. He was ex- 
perimenting with hydrochloric acid on a dog, and states that the urine 
on the five days before the administration of the acid was 1415, 1710, 
1515, 1480 and 1340 c.c., while on the two days when the acid was 
given it amounted to 3640 and 4140 c.c., and on four subsequent days 
to 1890, 1810, 1800, and 1560 c.c. 

These various figures are shown in the following table. 


fle acid haa Increase caused by acid 
Experiment given given Per cent, 
l 1459 2373 914 63 
Present research* 2 1283 1842 559 43 
3 1518 2235 717 48 
| 1233 2325 1092 89 
Previous research* 2 1266 1650 384 30 
3 1900 2850 950 50 
Coranda’s Experiment‘ 1719 3890 2171 126 
1 Archiv f. exper. Pathologie, xm. p. 84. 1880. 
2 Water supply stated in Appendix. 3 Water supply nearly constant. 


* Water supply not stated. 


Tasie A. Showing diwretic action of acid. 
of urine | diem 
6—2 
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These figures show that dilute mineral acids have a marked diuretic 
action, a fact which has not previously been noted. 

It might be urged against this conclusion that the diuresis observed 
was due to an increased consumption of water, but that this is not 
80 is made evident by comparing the consumption of water with the 
quantity of urine during the various periods of these observations. In 
the first experiment it will be seen that during the second period 
when hydrochloric acid was administered, the amount of urine was 
676 c.c. per diem more during the third period, while during the 
second period the consumption of water was not only not greater, but 
was slightly less than during the third period. The same is shown 
in the other two experiments, for during the second period of the 
second experiment there was an increase of 559 c.c. of urine per diem, 
while the extra water consumed was only 300 c.c. per diem, and in 
the third experiment the increase of urine was 717 c.c. per diem, the 
increased consumption of water being only 115 c.c. per diem. 

It is noteworthy that the patient who was the subject of the 
first experiment had up till a few days before been treated by stro- 
phanthus, and that the hydrochloric acid produced a greater diuresis 
than the strophanthus did. 

II. Specific gravity. In all cases both in this research and in 
my previous one the specific gravity of the urine was markedly re- 
duced. This change was not due to any diminution of the excretion 
of solids, but to the increased excretion of water. 

III. Acidity of urine. In the tables in the Appendix I have 
expressed the acidity of the urine as its equivalent of normal acid 
solution. It will be observed that the percentage acidity has in each 
case been reduced by the administration of acid, while the total acidity 
of the twenty-four hours’ urine has been increased. | 

The reduction of the percentage acidity is obviously like the 
reduction of the specific gravity due to the dilution of the urine. 

The increase of the total acidity was in no case great. In the 
first experiment, during the first period when no acid was given, it 
averaged 37°8 cc. normal acid per diem; during the second period, 
acid being given, this was increased to 44°8, an increase of only 7 c.c. 
normal acid, a small quantity when compared with the acidity of the 
acid administered, for 360 minims of dilute hydrochloric acid B. P. 
were given daily and.this is equivalent to 64°8 c.c. normal acid. In the 
second experiment the increase caused by the acid was only equivalent 
to 2 c.c. normal acid; and in the third experiment to 33 c.c., in both 
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experiments acid equivalent to 648 c.c., normal acid being admi- 
nistered. 
Taste B. Showing effect of acid administration on the acidity of the 
urine. Acidity expressed as c.c. normal acid. 


Percentage acidity Total acidity 
Ist period 2nd peri Effect  ‘Istperiod nd period Effect 
xperi- no acid ad- id ad- of no her ad- ad- of 
ment ministered ministered acid ministered ministered acid 
l 2°87 1°85 1°02 37°8 44°8 +70 
2 3:04 2-22 — 82 38°9 40°9 +20 
3 2°39 1-74 — 65 38°5 +33 


In the first experiment, the only one which was continued after 
the administration of acid was stopped, the total acidity did not fall 
to its normal level immediately, a point of importance when considering 
the fate of the acid in the system. 

These observations agree with the accepted fact in medicine that 
to render an alkaline urine acid or make an acid urine more acid 
by administering mineral acid is difficult. The explanation of this 
is that the term acidity of urine in practice refers to the percentage, 
not total acidity, and, as pointed out, the diuresis, which the acid 
determines, is so great, that the small increase of the total acidity 
is not sufficient to raise the percentage acidity. | 

The reason why the total acidity is so slightly affected is found 
when the excretion of alkalis is considered. 

IV. wecretion of alkalis. In all three experiments I made daily 
observations on the excretion of preformed ammonia in the urine. 
The fixed alkalis were estimated in the second experiment only, not 
by myself but by Dr Dobbin, who kindly estimated them in the 
University Chemical Laboratory; I owe many thanks to him, as the 
analyses entailed a large expenditure of time and labour. 

The effect of acid administration on the fixed alkalis of the urine 
has previously been studied. Bence Jones' found that the ad- 
ministration of sulphuric acid caused an increased excretion of potash 
and soda. Contrary results were noted by Wilde*. Hofman? in- 
vestigated the excretion of fixed alkalis by feeding pigeons on yolk 
of egg, a substance which on account of the lecithin it contains yields 
an acid ash, and he failed to find that this acid diet produced any 
abstraction of fixed alkalis from the tissues. Gathgen’s work‘ showed 


1 Animal Chemistry, 1849. 2 Diss. Dorpat, 1894. 
Zeitsch. f. Biol, vu. 888. 1871. Med. Centralbl. 1872, p. 838. 
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a small but decided abstraction of fixed alkalis as a result of acid ad- 
ministration ; and his results have been corroborated by Salkowski’. 

That there is an increased excretion of ammonia was pointed out 
by Walter’, and his conclusion has been corroborated by Coranda’ 
and is an accepted fact. 

In my experiments, there was in each case a marked increase in 
the excretion of preformed ammonia, as was to be expected; in the 
first experiment it amounted to 1‘7 grm. per diem, in the second 
to 62 grm., and in the third to ‘25 grm. 

Mixed samples of the urine of the first and second periods of the 
second experiment were submitted to Dr Dobbin, and he reported 
that fixed alkalis in the sample of the first period expressed as 
sulphates amounted to 2°655 per 1000 potassium sulphate and 6°825 
per 1000 sodium sulphate, and in that of the second period to 1366 
per cent, potassium sulphate and 5°244 sodium sulphate. From these 
figures I have calculated that the average daily excretion of potassium 
during the first period (no acid given) was 1636 grms., during the 
second period (acid given) 1°167 grms., and the excretion of sodium 
was 2°836 grms. per diem in the first and 3'521 grms. in the second 
period; and this shows that there was a diminution in the amount 
of potassium excreted, a marked increase in the amount of sodium 


‘and an increase in the total fixed alkali excreted. 


Taste C. Showing effect of acid administration on the excretion 
of alkalis. 
Ammonia per diem Potassium per diem Sodium per diem 
Noacid Acid Effect Noacid Acid Effect Noacid Acid Effect 
Exp. given given ofacid given given ofacid given given of acid 
1 TO 2:4 
2 92 154 + 62 1636 41:167 --469 3521 


3 76 101 + 

Obviously this increased excretion of alkalis explains the small 
effect the administration of acid has on the total acidity of the urine. 
To show that the increase is sufficient to neutralise the greater part of 
the acid administered, I have made out the balance shown in the 
following tables; in them the term “acidity” means the equivalent of 
normal acid solution, and the term “alkalinity” the equivalent of 
normal alkaline solution. 

Virehow’s Archiv, p. 1. 


2 Archiv f. exper. Pathol. yu. p. 48. 1877. 
® Archiv f. exper. Pathol. xu. p. 76. 1880. 
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Taste D. Showing average amount of alkali excreted per diem during 
Kaperiment II, Alkalinity expressed as c.c. normal alkaline solution. 


Period I. No scid given Period II. Acid given 
Quantity Alkalinity Quantity Alkalinity 
Potassium 1-636 1°167 29°9 
Sodium 2°834 123-3 3-521 153°1 
Ammonia 93 54°5 1°53 90 
Totals 219°7 273 


As both urines had an acid reaction these amounts of alkalis must 
have been all neutralised, and some acid must have remained, so to 
estimate the total acid, I have added the apparent acidity to the acidity 
required to neutralise the alkalinity. The acidities so calculated are 
shown in the following table. 


TasLe E. Showing the amount of acid excreted per diem during 
Experiment Il. Quantities expressed as c.c. normal acid, 
Acidity required to 

ise alkalini 


ty 
of the uri Apparent Total 
in Table 1 acidity acidity 
lst period—no acid given 219-7 38°9 258-6 
2nd period—acid given 273 3139 
Effect of acid + 83:3 + 20 + 553 


In this table it is seen that, during the period when acid was given, 
the acid excreted was equivalent to 55°3c.c. normal acid solution more 
than it was in the period when no acid was given. The quantity of 
acid administered was equivalent to 64°8c.c., and this is well accounted 
for by the increase 55°3 c.c. of the acidity equivalent of the urine. The 
balance is not exact, but it could not be expected to be so, as no 
allowance is made for additional acidity on subsequent days, and bases 
such as calcium and magnesium, which occur in small quantities in 
urine, were not estimated. 

From this balance I conclude that acid administration causes an 
increased excretion of soda and ammonia, an increased amount of alkali 
in the urine, that this increased alkali is nearly sufficient to neutralise 
the acid absorbed, and consequently, the total apparent acidity of the 
urine is only slightly affected. 

The fact that it is soda and not potash, which is found to be in 
excess in the urine when acid is administered, points to the fluids of 
the body as the source of the alkali abstracted, as in the fluids of 
the body soda preponderates over potash, while in the solids potash 
preponderates over soda. 
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In these experiments the supply of salt in the food was carefully 
fixed, so as to exclude that evident source of fallacy. 

V. Nitrogenous excretion. The effect of acid administration on the 
nitrogenous metabolism has not previously been studied, so it was to 
this that I paid special attention. 

In all three experiments there was an increased excretion of 
nitrogen determined by the administration of acid. The average 
increases per diem being 2°08 grm., ‘72 grm., and 1°32 grm. in the 
three experiments respectively. 

The diet being fixed, the amount of nitrogen in the feces was an 
indication of the amount of nitrogen absorbed, and from the examination 
of the feces in Experiments I. and II. it was evident that in them 
there was no increased absorption of nitrogen during the period when 
acid was given, sufficient to account for the increased nitrogenous 
excretion. In the first experiment the absorption was almost constant, 
for during the six days when no acid was given, the feces contained 
on an average ‘98 grm. nitrogen per diem; during the period when 
acid was given, they contained 1:03, showing if anything a slightly 
diminished absorption. In the second experiment there was a slightly 
increased absorption—34 grm. per diem—but this was too small to 
account for the increased excretion. In the third experiment, unfortu- 
nately, the feces were, owing to a mistake on the part of the hospital 
nurse, not submitted to analysis, but the report of the nurse and patient 
stating that the diarrhea from which the patient was suffering had 
improved, led me to believe that there was some increased absorption. 

Before discussing the explanation of this increase of the nitrogen in 
the urine, I shall state my conclusions regarding the distribution of 
that nitrogen, and show which of the nitrogenous bodies were specially 
influenced. 3 

Urea. In the two experiments where hydrochloric was the acid 
employed, there was in each case a diminution of the urea excretion. 
In the first experiment it was diminished from 11°43 grms. to 
10°64 grms., in the second from 979 to 950 grms. In the third 
experiment, where sulphuric acid was used, there was an increase, 
namely, from 836 grms. to 9°18 grms. 

The difference between the third and the other two experiments 
may be due either to the difference of acid employed, or may be 
accidental, due to the existence and improvement of the diarrhea 
already referred to. I cannot say which is the correct explanation, the 
experiment was unfortunately complicated by the attack of diarrhea, 
and more unfortunately by the mistake.as to the collection of the faces. 
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Nitrogen of preformed ammonia. As already pointed out when 
considering the excretion of alkalis, this was increased in all three 
experiments, 

Ni ttrogenous extractwes. These include all the nitrogenous bodies 
of the urine except urea and ammonia. 

In all three experiments there was a marked increase of nitrogen 
excreted in this form. In the first experiment it was increased from 
1°38 grm. per diem to 3:06 grms., in the second from 1°68 to 2°19 grms, 
per diem, and in the third from 130 to 162 grms.; the actual 
increases being 1°70 grms., “51 grms., and ‘82 grms., these being equiva- 
lent to increases of 125, 30, and 25 per cent. 

My examination of the distribution of nitrogen in the urine in these 
experiments has shown, that acid diminishes the excretion of nitrogen 
as urea (there was one explainable exception to this), and increases 
that as ammonia and extractives. 

These variations have an evident relationship to each other, for in 
the following table it is seen, that where the ammonia nitrogen is most 
increased, there the extractive nitrogen is also most increased, and the 
urea nitrogen most diminished ; and conversely, where the increase of 
ammonia nitrogen is least, there also the effect on the urea and 
extractive nitrogen is least. In other words, the amount of. urea 
nitrogen varied inversely, and the amount of extractive nitrogen 
directly, with the amount of ammonia nitrogen. 

Taste F, Showing variations of nitrogenous excretions in urine caused 

acid 

Nitrogen Nitrogen Ammonia Nitrogen 

andacid Noacid Acid Effect Noacid Acid Effect Noacid Acid Effect 
used given given ofacid given given ofacid given given of acid 
1. HCl 1143 1064 -—-‘79 136 306 +170 ‘61 202 +1°40 
2,HCl 979 950 —-29 168 219 + 51 78 126 + 50 
3. HSO, 836 918 +82 130 162 + 32 63 82 + 19 

Previous observation has shown that the quantity of both ammonia 
and extractives in urine is increased by excessive proteid diet’ and also 
by diseases which cause a wasting of the tissues, such as fevers and 
diabetes*. The first of these entails increased absorption, this did not 
occur in the three experiments so it cannot explain the changes. The 
second, a wasting or increased katabolism of the tissues, would certainly 
explain the change produced by the acid on these excretions, and that 
it might be the explanation is supported by two facts observed, first, 


1 Coranda, op. cit. p. 86. 
2 Hallervorden. Archiv f. exper. Pathol. xu. p. 237. 1880. 
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that the total nitrogen was increased independent of increased proteid 
absorption, and second, the variation between the excretions of extrac- 
tives and ammonia was proportional, and so agrees with Hallervorden’s 
work on fever. 

Horbaczewski' has shown that the principal source of uric acid 
and nuclein bases is the fluids and tissues rich in leucocytes; con- 
sequently, should increased katabolism be the explanation of the 
increased ammonia and extractive nitrogen excretion, it is probable 
that this katabolism takes place chiefly in these. 

Soda is the more abundant alkali in blood and lymph, potash in the 
solid tissues, it is the soda excretion which is increased, and consequently 
it may be inferred that the abstraction of alkali is from the blood or lymph. 

Another possible mode in which acid may produce these changes is, 
by interference with the production uf urea by the liver. In a paper 
by Hahn, Masser, Nencki and Pawlow? it is shown that an “ Eck 
fistula,” an artificial opening between the portal vein and inferior vena 
cava, produces a diminished urea excretion and an increased uric acid 
excretion and an increased ammonia excretion; in fact the same 
changes that I have met with in these observations on the action of 
acid. In another paper by Nencki, Pawlow and Zaleski’ it is shown 
that ammonia as carbamate of ammonia exists in larger quantities in the 
blood of the portal vein than it does in the blood of the hepatic vein, 
while urea is more plentiful in the hepatic than in the portal vein. 
These observations explain the effect produced by the “ Eck fistula” on 
the nitrogenous excretion, or at all events on the excretion of urea and 
ammonia, and they are also capable of explaining the changes produced 
by the action of acid; for if carbamate of ammonia is the source of 
some of the urea formed in the liver, then anything which seizes on the 
ammonia of the portal blood will by doing so reduce the supply of 
material for urea production, and consequently reduce the amount of 
that formation. This, then, is another possible explanation of the mode 
of action of acid on the metabolism. 

The principal change shown by the nitrogenous metabolism is 
evidently the increased ammonia excretion, the ammonia having acted 
as an antidote to limit the effects of the acid. This ammonia may be 
derived from an increased katabolism of proteid and thus be ac- 
companied by the increased excretion of nitrogenous extractions, or 
it may be abstracted from the ammonia of the blood of the portal 

1 Sitz, d. Wiener Akad. d. W. xcyu. u. Abt. April 1886. 


2 Archiv f. exper. Pathologie, xxx. p. 16. 1898. 
3 Archiv f. exper. Pathologie, xxxvu. p. 20. 1896. 
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system, and so, by abstracting material interfere with the urea 
formation in the liver. Both these explanations are not only possible, 
but by the examination of the urine are shown to be probable, and 
consequently [ consider it is probable that both modes of action are 
concerned in the production of these changes. 


SUMMARY. 

Administration of large doses‘of mineral acids produces, 

1. A great diuresis. : 

2. A slight increase of the total but not of the percentage acidity 
of urine, 

3. An increased nitrogenous excretion, the increase being in the 
amount of ammonia and extractive substances but not in the amount 
of urea. 

4. An increased excretion of soda. 


APPENDIX. 


EXPERIMENT IL. 


Patient in Royal Infirmary, man mt. 35. Suffering from mitral incompetence, at the 
time of observation compensation was established. 

Dilute hydrochloric acid B.P. was administered during second period of experiment, 
60 minims being given } hour, and repeated } hour after the three principal meals, in all 
360 minims per diem. Diet :— 


Milk and biscuit 
Oatmeal. This was a a uantity eaten. 


After 
and daily collops were afterwards heated the nurse 
use. 
Rice was weighed ra 
ton ware used, a similar number of tabloids 
ater. A careful note was taken of the daily consumption, but, as the amount taken 
with the © rice, porridge, etc., though constant, was not known, in the tables the 


Breakfast. Porridge and milk, tea, bisouit and butter. 
Dinner. Vimbos, mince éollops with rice, cheese and biscuit. : 
Tea. Tea, biscuit and butter. . 
afterwards diluted with water, used throughout the day. , . 
Biscuits. being fixed by noting the consumption on 
the first day, and adhering to quantity. 
Vimbos—a meat extract. Daily ration was measured, was diluted with hot water and 
Giese cheese This both analysed and weighed after cooking. A quantity | 
was q was 
a in a steam sterilizer for an hour and a 
Salt. A solution of salt was sent to the hospital, and certain quantities of this were 
measured for use with porridge, collops, ete. | 
Mowing the of in his dist, and the of cheervations 
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Il. Showing Amount of Nitrogen in Diet. 


Percentage of Nitrogen Send 

Estimates Average ‘in Diet 

Oatmeal 100 | 6988 | (388 
Butter .. 2 “a “26 05 
Milk 100 | 6985 (886 
Biscuit 225 | 187 | 986 
Sugar .. 4 | 0 | 000 | 0-00 
5 | iso} | 1780 “89 
Tea tabloids ... 10 | 900 | O00 | 0-00 
Mince collops ............ 170 | 
Total | 17°62 


Il. Showing results of Analysis of Urine and Faces, and other details. 


Urine Faces Foop 
Acidity Water WEIGHT 

Specific Total | Quan- | Total | Total | in 

tity vity Nitrogen] tity Nitrogen smallest 

Total day 
1895 
June 9} 1010 | 1022 | 4-2 | 424 | 18-981) 4. | 0 |[None| 48 
10} 1405 | 1021 | 3-75 | 52-5 | 16°69 “17°62 | |None| 48 
AL} 1415 | 1015 | 188 | 265 | 11°84) | 1.99 17°62 | 795 | None| 48 
” 391 1580 | 1013 | 1-90 | 29-9 | 11-18 17°62 | 795 |None| 49 
Total | 5360 151°3| 68°59} 75 8°54 | 70-48 
Average} 1840 | 1018 | 2°95 | 37°8 | 18°4 | 1875 89 | 17-62 530 

June 18} 2550 | 1011 | 1:56 | 897 | 16561 30 | 68 1165 | HO) | 49- 
14] 2865 | 1011 | 1-68 | 43°5 14-57] 83 | 1-82 1279 | HCl | 49 
164 2215 | 1018 | 282 | | 16°93] 81 | 144] 1762| 9858 | HCl | 49-2 
Total | 7120 134°5| 47°06 3°09 | 52°86 | 3302 
Average} 2378 | 1012 | 1°85 | 448 | 1569 | 31°3 | 1-08 | 17°62 | 1101 
June 16} 1925 | 1013 | 2-16 |.41-5 | 18°47] 35 | 1°60 17°62 | 1192 |None| 49 
,» 1711470 | 1019 | 8°35 | 492 | 14571 18 | -77 117-62 1192 |None| 49 
Total | 8895 907 | 28°04] 53 | 2°87 | 85-24 2884 | 
Average} 1607 1016 | 2°75 | | 966 1-19 | 17-08 1108 | 
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III. Showing Distribution of Nitrogen excreted in Urine. 
Prriop Date 
Mitroges {Percentage | NrrrocEen 
of 
1895 
June 9 “66 40 13°93 
64 8°2 16-69 
I 86 11°84 
79 71 11°13 
Total 2°31 53°59 
Average “68 4°6 13°40 
June 18 2°44 14°7 16°56 
» 14 1°45 14°57 
2°17 138% 15°93 
Total | | 47-06 
Average | 12°8 | 15°69 
June 16 80 5 18°47 
69 4 14°57 
Total | 1:39 | 28-04 
“70 5 14°02 


Man et. 42, in Chalmers 
His digestion was healthy. He 
nded for several da 


diet was 


* Analysis spoiled. 
EXPERIMENT II. 


d been treated with iodid 
prior to commencement experiment. 
as in the first experiment. 
same doses as in the first experiment. 

Details of observations are shown in the following tables. 


I. Showing Amount of Nitrogen in Diet. 


from syphilitic 
of potassium, but 


‘in Diet 


Hydrochloric acid was used in the 


egia. 
Foop Percentage Total 
| | 
100 1°24 1°24 
5 17°80 *89 
Tea tabloids ............... 0 0-00 0:00 
8°60 6°12 
Total 17°75 ’ 


94 J. DUNLOP. 


Il. Showing reeults of Analysis of Urine and Faces, and other details, 


Urine Faces | Foop | 
Date Acidity Water [Davos Wricat 
Quan- | Specific Total | Quan- | Total | Total | rent, 
tity | Gravity Nitrogen] tity Nitrogen | nallest 
% Total day 
1895 
July 23} 1265 | 1018 | 3-52 | 44-5 | 12°10 | 29 | 1-61 17°75 | 170 | None! 62- 
241 1480 | 1017 | 2-4 | 85-4 | 1945] 52 | 285 1 17°75 | 260 | None| 62 
I »» 2511165 | 1019 | 8-2 | 86-9 | 19°15] 23 | 1-21 | 17°75 |None| 62 
8850 116°8| 86°70 | 104 | 5-17 58-25 | 430 
Average} 1283 | 1018 | 8-04 | 88°9 | 12°23] 35 | 1-72 we 148 
July 26] 1770 | 1014 | 2-08 | 36°8 | 12°93] 82 | 1-68 17°75 | 570 | HO 
»» 2741915 | 1014 | 2°36 | 45-1 | 1297] 22 | 107 11775| 320 | 62 
Total | 3685 81-9 | 2590] 54 2-75 | 85°50 890 
Average | 1842 | 1014 | 2-22 | 409 | 1295] 297 | 13 
Ill. Showing distribution of Nitrogen excreted in Urine. 
AMMONIA 
1895 
July 23] 950 | 785 190 | 157 70 58 12°10 
2419 10°47 | 844 1°16 93 “82 66 12°45 
I » 941 | 197 | 162 17 68 12- 
Total 29°38 5-03 2-29 36°70 
Average 9°79 80°1 1°68 13°7 “16 62 12°23 
July 26] 9°44 | 730 | 228 | 176 | 1-1 9°4 12-93 
» 271 967 | 738 | 209 | 1614 1-31 | 104 12-97 
Total | 19-01 | 4:37 2-52 | 2590 
Average | 9°50 | 73-4 | 219 | 169 | 1-26 | 9-7 | 12-95 
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EXPERIMENT III. 
Man wt. 40, in Royal . He was suffering from in his back and 
attack of diarrhea complicated the whole period of shneneation. His motions were more 
analysis. Ger ore. to: ho seqeetted, t as this 
im — it goes, corroborates the results obtained in the other two, 
it is inel 


as 
Sulphuric acid was used in this experiment, 860 of dilute sulphuric acid B.P. being 
i second experiments was 


ven, Diet as experiments, 
Tables show details of observations, etc. 
I. Showing Amount of Nitrogen in Diet. 
Percentage Total 
Oatmeal 100 2°33 2°33 
Sugar .. 40 0-00 0-00 
Vimbos ... 5 17°80 89 
Tea tabloids ... 0 
sen 170 3°60 6°12 
20 “26 
Total 15°27 


Il. Showing Analysis of Urine and Faces, and other details. 


II 


Acidity 


Date 


Quan- Total | Quan- | Total | Total 
tity Gravity Nitrogen} tity Nitrogen | of 


smallest 
day 
July 6 | 1925 | 1016 | 2-20 | 42°3 58 0 
»» 8% 1420 | 1015 | 2°64 | 37°4 | 10°61 42 2°22 | 15°27 60 | None 62 
» 941210 | 1015 | 2°32 | 260 55 40 120 , 
Total | 4555 105-7 | 30°00 | 140 7°41 | 45°81 | 180 
60 


Average} 1518 85°2| 103 | 47 | 247 | 15°27 


July 10} 2480 | 1010 | 1°52 | 87-0 | 12-24 | Lost 15-27 | 230 H,80, 62 
» AL} 2040 | 1014 | 1-96 | 40-9 | 10-99 | Lost 15°27 | 120 | 62° 
Total | 4470 77°0 | 28-28 | | 30°54 | 350 

Average | 2985 1012 | 1-74 | 88° } | 15:37 175 


I i 

* Urine of 7th July was lost. : 

i 
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III. Showing Distribution of Nitrogen excreted in Urine. 
Unga E-XTRACTIVES AmMonia 
1895 
July 61 905 | 843 1-00 9°3 69 6-4 10°74 
» 864 81-4 182 | 12% 65 6-1 10°61 
I » OF 740 | 775 159 | 167 56 58 9°55 
Total 25-09 8-91 1-90 30-90 
Average | ‘8°36 = 1-30 | 128 63 | 64 10°30 
July 10] 9-46 | 773 197 | 161 81 | 6% 12-24 
» 890 | 810 126 | 115 ‘88 10-99 
II Total | 18°36 | 3-23 | 1-64 | 23-23 
\ 
Average} 9°18 | 79-2 1-62 | | 70 11-62 
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ACTION OF PANCREATIC JUICE ON MILK. By W. D. 


HALLIBURTON, MD., F.RS., anp T. GREGOR BRODIE, 


(From the Physiological Laboratory, King’s College, London.) | 


KUHNE’ was the first to point out that extracts made from the 
pancreas of the dog cause milk to coagulate; this action was described 
in some detail by Sir William Roberts’, various conditions which 
influence the clotting were observed by Edkins*, and the occurrence 
of the action in the extracts from a number of animals determined by 
Harris and Gow‘. 

Our attention was drawn to thé subject by a sentence in Prof. 
Gamgee’s’ Physiological Chemistry, in which he points out that it 
does not necessarily follow that because extracts of the organ have a 
clotting action, the pancreatic juice possesses it also. 

We have accordingly performed experiments with the actual 
pancreatic secretion. 

We obtained the juice from a temporary fistula in dogs; the 
animal was anzsthetised with a mixture of chloroform and ether; a 
cannula was inserted into the main pancreatic duct, the abdominal 
wound was sewn up, and the animal kept warm by hot fomentations. 
In many cases the flow of juice was very sluggish and scanty, and the 
readiest way of obtaining more juice was found to be Claude Bernard’s 
plan of injecting a small quantity of ether into the stomach. 

The operative part of the proceedings'was performed rapidly, and 
care taken to injure the pancreas as little as possible. The juice was 
collected for about two hours, but never more than one or two cubic 
centimetres was obtained. The animal was kept under the anzsthetic 
all this time and then killed by asphyxiation. We have done nine 


experiments altogether. 


Verhandl. Naturhist. Med. Ver. (N. 8.) Heidelberg. un. 8. 
2 Proc. Roy. Soc. 1879 and 1881. 
This Journal, xm. 193. 1891. 4 Jbid. xi. 469. 1892. Vol. m. p. 446. 
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The juice is perfectly clear and colourless, looking very like saliva. 
On keeping it for twenty-four hours or more we did not observe any 
spontaneous coagulation as described by some authors; but it became a 
little turbid. It is extremely viscid, and alkaline in reaction. 

In the case of one dog, the action of the juice on milk exactly 
resembled that of rennet. The clot was rapidly produced (within a few 
minutes) especially at the temperature of 40°C. This contracted and 
squeezed out a clear whey. 

Our results with the remaining dogs have been different, and we are 
inclined to attribute the behaviour of the juice of this one exceptional 
dog to the fact that it was a puppy. The remainder of the dogs were 
full grown. 

We may now proceed to describe the results which are usually 
obtainable. 

The first experiment we did was as follows :—a few drops of the juice 
were added to a few c.c. of milk in a test-tube. The tube was put into 
the warm bath (35°—40° C.). No change was observable in the hour 
we watched it; it was therefore put aside in a test-tube rack at the 
ordinary temperature of the laboratory (12°—14° C.), and next morning 
it was found set into a solid curd. It was by accident put into the 
warm bath once more, and to our surprise we found after a few minutes 
that the clot had disappeared, and the milk was apparently as liquid as 
before. It was taken out and cooled by placing it under the tap, and 
once more it solidified, and this operation could be repeated any 
number of times. 

The same result was obtained with the juice of the other seven 
dogs, and in addition to the main result just mentioned we have made 
a number of other experiments to ascertain the explanation of what 
appears to be a unique phenomenon. 

Other results noticed in milk acted on with pancreatic juice were 
the following :— 

(a) The clot contracts very little; it has the consistency of a 
thick gummy jelly; after the operation of: cooling and warming has 
been repeated a number of times, however, it does contract and squeeze 
out a small quantity of whey. If it is left for a long time in the warm 
bath, it gradually disappears, forming caseoses and peptone ; this i is due 
to the action of trypsin. 

(6) The milk very rapidly becomes acid ; the action of the fat 
splitting ferment of the pancreatic juice is responsible for this and the — 
rapidity of the action of this ferment was noted by Claude Bernard. 
The smell of fatty acids is quite perceptible. 
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As a rule the effect of pancreatic juice on milk curdling is 
noticeable in from 15—20 minutes after it has been put into the 
warm bath. No change visible to the naked eye is observable; but on 
cooling it under the tap it sets immediately into a jelly. We, however, 
examined the milk under the microscope on the warm stage, after it 
had been left in the warm bath for twenty minutes, and found that 
there was an amorphous precipitate in addition to the fat globules. 
This indicated to us that the milk although apparently quite fluid had 
in reality deposited its caseinogen in the form of a fine precipitate. 
This was confirmed by filtering the milk through a filter surrounded 
with a hot water funnel. The filtrate was slightly opalescent from the 
presence of fat globules, but gave no precipitate on adding acetic acid ; 
it was therefore free from caseinogen. We have always found this to be 
the case. A correct way of stating the action of dog’s pancreatic juice 
on milk curdling is therefore as follows :— 

When the juice is added to the milk, and the mixture kept at 
35°—40° C., in about a quarter of an hour the milk though apparently 
unaltered, has really deposited its caseinogen in the form of a finely 
granular precipitate, which is removable by filtration. When this milk 
is cooled the granular precipitate sticks together and produces a 
coherent clot. The coherence of the clot is lost when the mixture is 
again warmed to 35°—40°C., and this operation may be frequently 
repeated. 

The idea occurred to us that the phenomenon might be due to the 
action of the juice on the fats, the liberation of fatty acids precipitating 
the caseinogen.- But this was negatived by the following experiments. 

(a). Addition of acetic acid produces a precipitate of caseinogen ; 
but this precipitate does not behave in the least like the precipitate 
produced by pancreatic juice. It comes down more rapidly in warm 
than in cold milk, and on cooling the precipitate produced in warm 
milk it undergoes no change. | 

(b) Addition of oleic acid to milk in small or large quantities 
produces no precipitate of caseinogen at any temperature. 

(c) An artificial emulsion made with dilute sodium carbonate, 
olive oil and a little white of egg undergoes no clotting on the addition 
of pancreatic juice, though of course it rapidly becomes acid. 

(d) Pancreatic juice added to a solution of caseinogen prepared by 
Ringer’s method causes the formation of a granular precipitate of the 
proteid in about an hour at 40°C., but there is no formation of acid, 
the solution of caseinogen having been obtained free from fat. This 
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precipitate, however, does not becume more coherent when cooled. 
This latter appearance is produced in milk only, that is when casein- 
ogen has undergone no treatment of precipitation and re-solution 
previously. 

(e) Another experiment which may be placed under this head was 
the following: it consisted in adding a small quantity of oleic acid to 
milk and then rennet’ in order to see if the presence of free fatty acid 
modified the action of rennet. The result was that casein was pre- 
cipitated in a more finely divided way than in a control specimen to 
which rennet alone was added, but there was no other resemblance seen 
to the action of pancreatic juice. 

The next question we took up was whether it was possible that the 
existence of the proteolytic ferment with the milk curdling ferment 
could account for the phenomenon. This was negatived by the fact 
that dog’s gastric juice which also contains a proteolytic ferment 
curdled milk in the usual way, just like rennet essence does. We 
further found that trypsin prepared according to Ktihne’s method has 
no curdling action on milk*; and that a mixture of trypsin and rennet 
acts just like rennet alone in producing a curd. 

In another series of experiments, we found that potassium oxalate, 
added to milk to the extent of 0°3 per cent. (an amount which completely 
inhibits the activity of rennet), only hinders the curdling action of 
pancreatic juice on milk to a slight degree; the oxalated milk behaves 
just like ordinary milk when pancreatic juice is added, but the onset 
of the change is slower. Previously published analyses of pancreatic 
juice show that it contains only a small amount of calcium salts so it is 
difficult to suppose these are present in sufficient quantity to neutralise 
the action of the potassium oxalate added. 

In these same experiments we noticed also that the onset of acidity 
was slower than in normal milk. The potassium oxalate used gave a 
perfectly neutral solution with water. The experiments suggest that 
oxalates hinder the action of other ferments than coagulating ones, but 
we have not at present followed up this interesting suggestion any 
further. 

The question next arose whether pancreatic extracts are to be relied 
on as a criterion of the action of pancreatic juice, At the present time 


1 The preparation of rennet which we employed throughout was made by Martindale; 
this preparation is the one which contains least calcium salts of those we have examined. 


* We, however, like Edkins find that Kiihne’s trypsin produces the ‘metacasein 
reaction ’ to be referred to immediately. 
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when the action of internal secretions is being largely worked out by 
means of extracts of organs, this question is a serious one. We ac- 
cordingly made several glycerine and aqueous extracts of the dog’s 
pancreas; and we find that the extract acts on milk just like the 
natural juice. In the case of the young dog, where the juice acted like 
rennet, the glycerine extract of the pancreas acted like rennet also. In 
the case of three other dogs in which the juice acted in the charac- 
teristic manner described in this paper, the extracts behaved in the 
same way; in two cases the extracts made were aqueous ones; in the 
third case glycerine was employed. In the case of the glycerine 
extract we, however, noticed the following peculiarity; the day after 
the glycerine was added to the minced gland, some of the glycerine 
extract was filtered off and added to milk; it produced the usual 
action, namely, a coagulation which was not apparent to the naked eye 
till the mixture was cooled; on warming, the milk became fluid once 
more, but really contained as already explained a fine granular deposit 
of casein. On repeating this experiment a fortnight later, the glycerine 
having been in contact with the gland all the time, the addition of the 
extract to milk produced no coagulation at all, but a very rapid con- 
version of the proteid into proteolytic products. If coagulation did 
occur, it was so transient a phase that it was missed; the increase in 
proteolytic activity (due probably to more trypsin having gone into 
solution in the glycerine) masking the action of the curdling ferment. 
We found, as many have noted before, that Benger’s Liquor 
Pancreaticus curdles milk’. The phenomena described above as 
obtained with dog’s pancreatic juice were however not observable. Mr 
Benger was good enough to inform us that the liquor pancreaticus 
is made from the pancreases of young pigs. He also drew our attention 
to the following fact which we have confirmed with the specimens 
he was good enough to supply us with: viz. that the freshly prepared 
liquor pancreaticus has little or no curdling action on milk, but after 
the deterioration that occurs in specimens that have been kept a long 
time, the curdling action becomes evident ; the deterioration thus falls 
apparently chiefly on the tryptic ferment, which when in excess (as in 
our experiment with the glycerine extract) masks or hinders the 
activity of the curdling ferment. 
_ That pancreatic extracts do act differently from rennet upon milk 
was originally noted by Roberts, and confirmed by Edkins. Roberts 


1 Compare Edkins, loc. cit. p. 202, Exp. vi. . 
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described what he termed the ‘metacasein reaction’; that is after a 
variable period during which boiling the milk causes no curdling, 
heating gives a flocculent heat coagulation. Our experiments suggest 
an explanation of this phenomenon; it may be that when the meta- 
casein reaction is observable, the casein has been already deposited in a 
finely flocculent form by the action of the pancreatic extract and boiling 
simply renders this apparent by the coalescence of the minute particles 
into larger flocculi. As however the metacasein reaction is obtained 
with Kiihne’s trypsin, the production of metacasein appears to be a 
_ function of the tryptic rather than of the milk curdling ferment. 

But apart from this, the question which we have still to answer is: 
What is the nature of the precipitate produced by pancreatic juice? Is 
it caseinogen, or casein, or something which is neither casein nor casein- 
ogen? The experiments which we have performed in attempting the 
solution of this question show that ‘pancreatic casein’ as we may term 
it is something new, and its solubilities are intermediate between those 
of caseinogen and casein. 

The experiments already enceiai point in this direction; namely, 
the peculiar behaviour of pancreatic casein to changes of temperature, 
and the fact that its formation is not prevented but only slightly 
hindered by such an addition of potassium oxalate as completely 
inhibits the activity of rennet. 

We further found that the action of rennet on the pancreatic casein 
is to convert it into true caséin. 

If a specimen of milk is treated with pancreatic juice at 40° for 
twenty minutes, pancreatic casein is formed; if then rennet is added, a 
clot is formed having all the solubilities of casein, and this undergoes no 
change when it is subsequently cooled. If oxalated milk is employed 
pancreatic casein is formed, but on the subsequent addition of rennet 
there is no alteration, unless a little calcium chloride is added as well; 
it is then converted into casein. 

Rennet then will convert pancreatic casein into true casein. The 
question next arose, will pancreatic juice convert true casein into 
pancreatic casein? The answer to this is, no. The addition of 
pancreatic juice to a curd produced by rennet causes no change in its 
solubilities: the prolonged action of pancreatic juice, however, leads 
naturally to the formation of caseoses and peptone, the curd being 
eroded from the exterior, which is the usual action of the tryptic 
ferment. 

The conclusion drawn from this is that pancreatic casein is some- 
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thing intermediate in its method of formation between caseinogen and 
casein ; this was confirmed by examining its solubilities. 

In testing this question we have been much assisted by the work of 
Dr Ringer’, who worked out the principal differences between the 
solubilities of caseinogen and casein. 

The following are our experiments : 


A, were taken, «, b, and c, 

To a acetic acid was added. 

To 5 rennet was added. 

To ¢ pancreatic juice was added. 

In all three cases a precipitate occurred; in a of caseinogen, in 6 of casein, 
in ¢ of pancreatic casein. 

Each was well washed with distilled water, but on account of the gummy 
nature of the pancreatic casein, it was found impossible to wash it so thoroughly 
as the other two ; the same was the case throughout these experiments. 

Each was then rubbed up with calcium carbonate and water added ; each 
was centrifugalised and the fat rose to the surface and was skimmed off; the 
calcium carbonate fell to the bottom, and the intermediate layer was pipetted 
off. In the case of a (caseinogen) this fluid gave an abundant precipitate with 
acetic acid; in the cases of 5 (casein) and ¢ (pancreatic casein) acetic acid 
caused only a faint cloud. Pancreatic casein therefore resem bles 
casein and differs from caseinogen in its insolubility in water 
and calcium carbonate. 

B. In this case, caseinogen, casein, and pancreatic casein were dissolved 
in lime water ; after about 12 hours this was filtered, and the extract found 
to contain abundance of proteid in solution in each case. 

Extract a (caseinogen) gave a very slight precipitate on the addition of 
calcium chloride (10°/, solution); an equal bulk of the calcium chloride 
precipitate was necessary to produce a perceptible precipitate. 

Extract 5 (casein) was precipitated in the cold by a very small quantity of 
calcium chloride solution. 3 or 4 drops of a 10°/, solution to 10c.c. of the 
extract was sufficient. 1 drop caused no precipitate in the cold, but on 
heating the mixture to 35°C., an abundant precipitate formed, which dis- 
solved upon cooling to the temperature of the air (14° 0.). 

Extract c (pancreatic casein) was readily precipitable like extract b by 
calcium chloride. In aiding one drop, there was no precipitate in the cold, 
but an abundant one formed on heating to 35°; and this did not dissolve 
upon cooling. 

Pancreatic casein therefore resembles casein and caseinogen 
in its ready solubility in lime water; it resembles casein and 


1 This Journal, x1. 464. 1890 and xu. 164. 1891. 
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differs from caseinogen in its ready precipitability from this 
solution by calcium chloride; but differs from casein in‘ the 
fact that the precipitate produced by a very small quantity of 
calcium chloride plus heat is not soluble on cooling. 


C. The solubility in 5°/, sodium chloride of the precipitate produced by 
the addition of calcium chloride to a lime water solution in each of the three 
cases was then examined. It was found that the precipitated caseinogen 
was readily soluble, the precipitated casein quite insoluble, and the 
precipitated pancreatic casein only slightly soluble. 

D. The lime water extracts were also tested as follows :— 

a. The solution of caseinogen was not precipitated by a drop of 0°5°/, 
solution of phosphoric acid to 10 c.c. of the solution. 

It was not precipitated by rennet. 

It was precipitated (converted into casein) by a drop of 0°5°/, phosphoric 
and plus rennet. 

b.. The solution of casein was precipitated by a drop of 0°5°/, phosphoric 
acid to 10c.c. of the solution. The combined action of phosphoric acid and 
rennet could therefore not be tested. Rennet alone gave a flocculent pre- 
cipitate. This was increased by warmth and disappeared on cooling, and is 
in fact the effect one always gets on adding a dilute solution of a calcium salt 
to a lime water solution of casein. We have been unable as yet to obtain a 
specimen of calcium-free rennet, and the effect just described is therefore 
explicable on the supposition that it is due to the calcium salts in the rennet 
preparation, rather than to the rennet itself. 

c. ‘The solution of pancreatic casein behaved exactly like the solution of 

E, Caseinogen, casein, and pancreatic casein were prepared as before and 
dissolved in 0°5°/, sodium bicarbonate, They are all readily soluble. 

a. Solution of caseinogen ; this is precipitated in the cold by 1 drop of 
10°/, calcium chloride solution to 10 c.c. It is not however precipitated by 
1 drop of a 2°/, solution to 10c.c., but on warming the mixture a heavy 
precipitate occurs at 35°—40° C., which disappears on cooling. 

6. Solution of casein; this requires more than an equal bulk of 10 °/, 
calcium chloride solution to precipitate it in the cold; but a much smaller 
quantity, 4 or 5 drops to 10c.c., will cause a precipitate if the mixture is 
warmed to 40°C. ; this precipitate redissolves on cooling. 

The behaviour of casein and caseinogen in a solution of sodium bicarbonate 
is almost the reverse to what occurs when they dissolved in lime water. 
(See B.) 

c. The solution of pancreatic casein however dissolved in sodium 
bicarbonate behaves to calcium chloride exactly the same as the lime 
water solution previously described. (B. c.) 
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These facts are summarized am the following table : 
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SUMMARY. 


1. The pancreatic juice obtained from temporary pancreatic fistulz 
from dogs produces a change in the caseinogen of milk. 

2. This action differs from the action of rennet in the following 
particulars. 

(a) The precipitate of casein occurs in the warm’ bath (35°— 
40° C.) in the form of a fine granular precipitate, the milk to the naked 
eye undergoing no change in its fluidy. On cooling this to the 
temperature of the air, it sets into a coherent curd which contracts to 
only a small extent, and is again broken up into fine granules by 
warming to 35°©., the milk to the naked eye becoming again fluid. 
This may be repeated a great number of times, 

(6) This phenomenon is not prevented, but only slightly hindered 
by such an addition of potassium oxalate as completely inhibits the 
activity of rennet. 

3. The experiments performed with extracts of the gland lead to 
similar results, which may be masked if the action of the tryptic 
ferment is very energetic. 

4. The precipitate produced may be provisionally termed ‘ pancre- 
atic casein. By the action of rennet it can be converted into true 
casein. Its solubilities, as summarized in the immediately preceding 
table, are partly like those of caseinogen, partly like those of casein. 
It is probably something intermediate between the two. 


June 1, 1896. 
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NOTES ON CREATININE. By P. C. COLLS, late Assistant 
Demonstrator in Physiology, King’s College, London. 


(From the Physiological Laboratory, King’s College, London.) 


ABOUT two years ago, a lengthy correspondence was published in the 
Lancet on the question whether normal urine contains any sugar. The 
principal contributors to the discussion were Dr Pavy and the late Sir 
George Johnson. The former maintained that normal urine contains 
sugar to the extent of about 0°05 per cent.’; he succeeded in precipi- 
tating from urine by means of lead acetate a substance which gave the 
reactions for sugar including the fermentation test with yeast, and the 
formation of a typical osazone with phenylhydrazine. Sir George 
Johnson maintained on the other hand that the principal reducing 
substance in urine is creatinine, and that many of Dr Pavy’s facts were 
explicable on the assumption that he had neglected to recognise the 
reducing properties of this substance. 

The fact that small quantities of carbohydrate material including 
dextrose are obtainable from normal urine has been recently demon- 
strated by Baisch*, who used benzoyl chloride as a precipitant. The 
percentage of dextrose given by this observer is however much smaller 
(0005) than that given by Dr Pavy. 

It was therefore suggested to me by Prof. Halliburton that I 
should undertake some experiments in order to clear up some of the 
points raised, and the following is an account of what I have done under 
his superintendence. 

The main question of the existence of sugar in the urine I have not 
touched, but my work has fallen under two main heads :— 


1 1894, vol. 1m. 

® See also Pavy, Physiology of the Carbohydrates, p. 187. Dr Pavy’s words are: If 
the cupric oxide reluction found to occur be read off as produced entirely by sugar, the 
amount of this sabstance in normal urine may be said to be about 0°5 per 1000. 

3 Zeitsch. f. physiol. Chem. xrx. p. 839. 1894. This observer gives the quantity of 
glucose as 0°005 per cent. and of total carbohydrate in normal urine reckoned as glucose 
as about twice that amount. . 
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1. Whether the method used by Dr Pavy for precipitating sugar 
does also precipitate creatinine? If so this would in part account for 
the high figure given by Dr Pavy. The answer to this question I have 
found to be in the affirmative. 

2. Whether any creatinine exists in the blood? The answer to 
this question was also found to be in the affirmative. Creatinine has 
not been previously described in the blood, but considering the rela- 
tively large amount of creatinine in the urine, its presence in the blood 
would be ex 

If the sugar of the blood is estimated by the reduction method, this 
factor will therefore have to be allowed for in the future; some means 
must be taken by which the sugar obtained is not contaminated with 
creatinine. 

The details of my experiments in these two directions are the 
following :— 


1, The Precipitation of Creatinine from the Urine. 

The older method of precipitating creatinine from urine by means 
of zinc chloride has been recently replaced by a more efficacious method 
introduced by G. S. Johnson’, which is as follows:—To the urine a 
twentieth of its volume of a saturated solution of sodium acetate, and 
then one-fourth of its volume of a saturated solution of mercuric chloride 
are added; this produces an immediate abundant precipitate of urates, 
sulphates and phosphates, which is removed by filtration ; the filtrate is 
then allowed to stand for twenty-four hours, when the precipitation of a 
mercury salt of creatinine (CLH,HgN,OHCI), 3HgCl, + 2H,0 occurs ; 
the compound takes the form of minute spheres, a photo-micrograph of 
which is reproduced in the paper just quoted. They are quite typical 
on microscopic examination. On account of its heaviness this compound 
lends itself very well to quantitative analysis. It may be collected, © 
dried, and weighed. One-fifth or, more correctly, 20°19 per cent. of the 
weight found is creatinine. Creatinine may be obtained from it by 
suspending it in water, decomposing it with sulphuretted hydrogen and 
filtering. On concentrating the filtrate in a vacuum over sulphuric 
acid, it deposits creatinine hydrochloride, and then lead hydrate may 
be used to liberate creatinine from it. 

Johnson has shown that this method does not precipitate sugar ; 
and further that the urinary creatinine he obtains is different in some 
of its properties (such as reducing power, solubility and character of its 


1 Proc. Roy. Soc. xii. p. 493. 1887. 
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gold salts) from the creatinine obtained artificially from the creatine of 
flesh ; the two creatinines are, however, isomeric. 

An important point in Johnson’s process is that all the operations 
are carried out in the cold; if heat is applied, one obtains the creatinine 
of former writers which has no reducing power. 

I have repeated and confirmed these observations, and find that 
urinary creatinine reduces both picric acid, and Fehling’s solution. 

I then went on to ascertain whether the method used by Pavy 
(Briicke’s method) for the separation of sugar from urine also precipi- 
tates creatinine. I select the following typical experiments from a 
large number which I have done. 


Experiment 1. A 02 per cent. solution of Johnson’s ae creati- 
nine was taken. To 10c.c. of this, 2°5c.c. of saturated solution of lead 
acetate, and 2°5 c.c. of a solution of tribasic lead acetate were added. The 
mixture was then filtered and 10 c.c. of liquor ammoniae fortior added, and 
the precipitated lead hydrate filtered off; 2°5 c.c. of the filtrate then showed 
with picric acid considerably less reducing power than 1 c.c. of the original 
solution to which this quantity would correspond, which showed that some of 
the creatinine had disappeared. I however subsequently found that the 
creatinine had entirely disappeared,-and that in this experiment which was 
one of the earlier ones I did, the residual reducing power of the final filtrate 
was due to some lead which was held in solution by excess of ammonia. 


ExpERIMENT 2. This experiment was performed in the same way as the 
last, but only 5 c.c. of the ammonia solution were added, and the filtrate was 
acidified and treated with sulphuretted hydrogen to remove any remaining 
lead. The sulphuretted hydrogen was evaporated off and the final filtrate 
had then no reducing power. 

Experiment 3. Experiment 2 was repeated; the final filtrate as before 
had no reducing power; but the reducing substance was found in the 
precipitate mixed with the lead hydrate. This precipitate was dissolved in 
warm dilute acetic acid, treated with sulphuretted hydrogen to get rid of lead, 
the filtrate evaporated to get rid of sulphuretted hydrogen ; it then gave the 
usual reactions for creatinine. 

Experiment 4. Normal urine was tested by the picric acid test and gave 
a good colouration due to creatinine, for none was given by the urine after 
the creatinine had been removed from it by Johnson’s method. This urine 
was treated in the same way with lead acetate, etc. as just described in the 
case of the aqueous solutions of urinary creatinine, and the final filtrate found 
to be free from reducing action on picric acid. This test is a very delicate 
one for creatinine, being given by a solution of 1 part of that substance in 
200,000 of water. 
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These experiments show that urinary creatinine like sugar is 
precipitated from aqueous solutions, and from urine when 
Briicke’s method is employed. It is therefore probable that 
Pavy's high figure for the percentage of sugar in normal 
urine is due to this circumstance, 


2. Creatinine in Blood. 


Johnson’s method appeared to be the most promising for dis- 
covering the presence of creatinine in blood, and it was adopted with a 
slight modification. The great difficulty was to get rid of proteid 
matter. 

For this purpose, I first used trichloracetic acid, but abandoned it 
when I found that the presence of this acid in an amount sufficient to 
precipitate proteids, prevents the formation of the spherical mercury 
salt of creatinine. This is true for urine as well as blood. 

I then used saturation with ammonium sulphate to get rid of 
proteids, The admixture of this salt with the urine does not precipi- 
tate creatinine’, nor does it hinder the formation of J ohnson’s spherical 
mercury salt. I employed this method for some time with defibrinated 
blood and serum’, and after removal of the proteid precipitate always 
obtained in the filtrate the typical spherical salt of creatinine. I, 
however, discarded this method in the end for a simpler one, which is as 
follows :— 

To fresh defibrinated blood, a quarter of its bulk of saturated 
solution of mercuric chloride was added; the mixture was shaken and 
filtered: to the filtrate more mercuric chloride was added until no 
further precipitate occurred, and the proteid was thus almost altogether 
removed; but no creatinine had been precipitated because for this, as 
J ohason has shown, sodium acetate is also necessary. 

Then to the proteid-free filtrate, one-twentieth of its bulk of a 
saturated solution of sodium acetate was added, and the mixture set 
aside. As fresh blood came in, it was treated in the same way. In each 
case there was a typical spherical precipitate mixed with some pigment 
and amorphous matter probably due to traces of proteid left in solution. 

The resulting precipitates from many litres of blood were mixed and 
washed. It was then suspended in water and treated with sulphuretted 


1 See Edmunds. This Journal, xvi. 452. 1894-5, 


2 My experiments have been made ss i with sheep’s see of which it is possible 
to obtain large quantities with ease. 
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hydrogen. It was they filtered; excess of sulphuretted hydrogen was 
evaporated off in a vacuum. From this the creatinine was again 
precipitated as the spherical mercury salt, and this process repeated ; 
on evaporating the final solution in a vacuum crystals were obtained 
which gave the following tests :— 

1. Weyl’s test. On adding sodium nitro-prusside, heating, and 
then adding dilute potash, a ruby red colour was produced, which 
changed to green on adding acetic acid. 

2. Jaffe’s test. On adding an equal amount of a saturated 
solution of picric acid, and then dilute potash, a red colour was de- 
veloped intensified on boiling. 

8. Mixed with mercuric chloride and sodium acetate a spherical 
compound separated out. 

4. Mixed with mercuric chloride and caustic potash a white 
precipitate occurred soluble in excess of potash. After a few seconds a 
yellow precipitate was deposited which became dark from reduction. 

5. Reduction occurred on heating with Fehling’s solution. 

6. On the addition of an alcoholic solution of zinc chloride, and 
waiting a few days, crystals resembling zine chloride creatinine were 
seen. 

Although I had not sufficient material to make an elementary 
analysis, I think I am perfectly justified in concluding that the 
substance I was dealing with was creatinine. 

One of the experiments I made was a quantitative one; from 
2000 c.c. of defibrinated sheep’s blood, I obtained the spherical mercury 
salt, which after re-solution and re-precipitation was found on micro- 
scopic examination to be composed entirely of the characteristic spherical 
crystals; it was dried and weighed, and the percentage of creatinine in 
the blood was from this calculated to be 0000095. 

From this part of my work, I therefore draw the general conclusion 
that blood contains a small but ponderable amount of crea- 
tinine. 


June 15, 1896. 
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ON UROBILIN. PART I. THE UNITY OF UROBILIN. 
By ARCHIBALD E. GARROD, MA., M._D., F.RC.P., anp 
F. GOWLAND HOPKINS, MB., BSc., F.LC. (Plate L) 
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» IL The Separation of Urobilin from Urine. 
Ill. The Properties of Urobilin. 
» IV. Are there Two kinds of Urinary Urobilin ? 
V. Fecal Urobilin. 
VI. The Urobilin of Bile. 
Conclusions. 


I. Historica, SKETcu. 


THE earliest practical outcome of the application of the spectroscope to 
the study of the colouring matters of urine was the discovery by Jaffé’, 
in 1868, of the substance which yields the well-known absorption band 
between the b and F lines of the solar spectrum. Jaffé detected the 
presence of this pigment both in normal and morbid urines, and showed 
that it exists in them in part ready-formed, and in part as a precursor, 
or compound, of negative spectroscopic properties, which readily becomes 
converted into the band yielding pigment on standing, or on the 
addition of an acid. To this substance Jaffé assigned the name of 
urobilin, believing it to be derived from the pigment of bile, and 
subsequent investigations have converted this belief into a practical 
certainty. He quickly recognised the fact that urobilin is only one of 
several colouring matters of urine, and that it is not that to which its 
yellow colour is mainly due. 

The ninth volume (that for 1871) of the Centralblatt fiir die 
medicinische Wissenschaften, the periodical in which Jaffé first 
announced his discovery, contains three short communications which 
must be ranked among the most important contributions yet made to 
our knowledge of this, the hitherto most extensively studied of the 
urinary pigments. 

' Centralblatt f. die med. Wissenschaften, v1. p. 248, 1868, and Virchow’s Archiv, xuvm. 
p- 405, 1869. 
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In the first of these Vanlair and Masius’ showed that the frces 
contain a pigment closely allied to the urobilin of urine, for which they 
proposed the kindred name of stercobilin. In the second* Jaffé 
claimed stercobilin as not merely allied to, but identical with the 
urobilin of urine. In the third Maly* described the formation, by the 
action of sodium amalgam upon bilirubin, of a substance possessing the 
characteristic properties of urobilin. Maly* subsequently determined 
the ultimate composition of his artificial product, to which, as it 
contained more hydrogen and less carbon than bilirubin, he gave the 
name of hydrobilirubin, and assigned to it the formula C,H,N,O, 
Maly believed hydrobilirubin to be identical with the urobilin of 
Jaffé, but this view has been questioned by several later observers 
(Le Nobel’, Disqué*, MacMunn’, Eichholz*), who have maintained 
that Maly’s product is either an impure substance, or represents an 
intermediate stage in the reduction of bilirubin to urobilin. . 

Hoppe-Seyler® next showed that a pigment possessing similar _ 
properties may be obtained by the reduction of hematin with tin and 
hydrochloric acid, and Nencki and Sieber” have obtained a lke 
product by the reduction of hematoporphyrin. Here again, although 
the pigments obtained resemble urobilin very closely, their identity has 
been questioned on various grounds. 

The subject of the artificial production of urobilin-like pigments is 
greatly complicated by the remarkable fact that products bearing ar 
equally close resemblance to the urinary pigment have been obtained 
by Stokvis” from bilirubin, and by MacMunn”™ from hematin, by the 
employment of oxidizing in place of reducing agents. 

More recently F. Miiller® has made the important observation that 
intestinal micro-organisms possess the power of converting bilirubin into 
a pigment which he believes to be identical with urinary urobilin. 
Gerhardt“, Adolf Schmidt”, Beck”, and Esser” have obtained 

Centralb, f.d. med. Wissensch. rx. p. 869. 1871. Ibid. p. 465. Ibid. p. 849. 

* Ann. der Chemie u. Pharmacie, ouxim, p. 77. 1872. 

5 Arch. f. d. ges. Physiol. xu. p. 501. 1887. 

© Zeitech. f. physiol. Chemie, 1. p. 259, 1878-9. 7 This Journal, x. p. 71. 1889. 

® Ibid. xrv. p. 326. 1893. ® Ber. deutsch. chem. Gesellschft. vu. p. 1065. 1874. 

” Arch. f. exper. Pathol. u. Pharmakol. xxtv. p. 430, 1888. 
U Centralb. f. d. med. Wissensch. x1. p. 211. 1873. 

12 Proc. Roy. Soc. xxx. p. 226. 1880, 

18 Schlesische Gesellech. f. vateriand. Kultur. Jan. 1892. 
4 Ueber Hydrobilirubin. Diss. Berlin, 1889. 


1 Verhandlungen des xiii Cong. f. inn. Med. p. 320. 
16 Wiener klin. Wochenschr. vim. p. 617. 1895. 7 Dissert. Bonn, 1896. 
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similar results, and there appear to be strong reasons for thinking 
that this is the ordinary mode of formation of urobilin in the animal 
body, although the possibility that hzmoglobin may, under certain 
circumstances, be directly converted into urobilin, without passing 
through the stage of bilirubin, cannot yet be excluded. That urobilin 
occurs in excess in the urine when extravasations of blood are being 
absorbed, and also when an unusually active hemolysis is in progress 
must be regarded as an established fact. 

Of the many observers who have contributed to our knowledge of 
urobilin the majority have devoted special attention to the mode of 
origin of the pigment and the clinical significance of its presence in the 
urine in excessive amount, whilst others, who constitute a much smaller 
group, have chiefly studied its chemical and spectroscopic properties. 

We do not propose to enter here upon any discussion of the rival 
theories of urobilin formation which have been so ably advocated by 
F. Miiller, Riva, Hayem, and many others, as these theories lie 
outside the province of the present investigation. MacMunn maintains 
that the urobilin of normal urine, although exhibiting an absorption 
band between }b and F, and yielding a green fluorescence with zinc 
chloride and ammonia, is a distinct substance from that which yields 
the conspicuous band seen with many morbid specimens, and believes 
that whereas the latter is a reduction product of the bile and blood 
pigments, the former is an oxidation product. He bases the distinction 
chiefly upon the presence of certain extra spectroscopic bands, and on 
differences in the character of the essential urobilin band. Eichholz 
and Adolf Jolles* have more recently drawn a similar distinction 
between normal and pathological urobilin, but their descriptions of 
the two pigments do not accord with each other, or with those of 
MacMunn. 

In this, the first, instalment of our paper we propose to describe 
a series of observations and experiments directed towards the following 
objects— 

1. The extraction of urobilin from urine in as pure a condition as 
possible by processes free from the objections which may be urged 
against those hitherto employed. 

2. The study of the properties of the pigment so extracted. 

3. The comparison of the urobilin of normal and morbid urines 
with that obtained from other sources within the body. 


1 Archiv f. d. ges. Physiol. txt. p. 628. 1895. 
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In a second part we hope to discuss the nature and properties of 
‘the so-called chromogen of urobilin; the properties of the various 
artificial products resembling or identical with urobilin; and the 
ultimate composition of the urinary pigment. 

In the course of our work we have been fortunate enough to light 
upon a new spectroscopic property of the pigment to which we attach 
very great importance, as affording evidence of the identity of the 
various products which yield it, and we may state at the outset, that 
our observations have convinced us of the unity of urobilin as it is — 
obtained from the various human excreta and secreta in which it 
occurs. 


II. THe SEPARATION OF UROBILIN FROM URINE. 


A. Methods hitherto employed. , 

Jaffé’s original process for the separation of urinary urobilin 
involved a preliminary precipitation by means of zinc chloride and 
ammonia. He was led to the use of these reagents by a chance 
observation made in the course of a determination of creatinin by 
Neubauer’s process, in which the filtrate from the creatinin-zinc 
chloride precipitate was noticed to be highly fluorescent. It was found, 
in other and later observations, that urines possessing in a marked 
degree the special optical properties which Jaffé had already learnt 
to associate with the presence of urobilin, were just those which ex- 
hibited in the most definite manner this fluorescence with zinc chloride 
and ammonia. 

Thus by a fortunate chance Jaffé was enabled at once to establish 
the most important reaction of the pigment, and to secure a process for 
its isolation; for whilst the fluorescence was seen to be due to a 
compound of urobilin remaining in solution, it was found that, by 
accurately adjusting the proportions between the zinc chloride and 
ammonia added, much of the pigment could be precipitated. The 
historic process based upon this observation is well known, but it will 
be convenient to give here a translation of J affé's own account of it: 

“The urine is treated with a not too small excess of ammonia, and 
filtered from the precipitated phosphates. To the filtrate a concen- 
trated alcoholic solution of zinc chloride is added until no further 
precipitate is produced. If the filtrate still contains much of the 
pigment the remainder may be thrown down by the further addition 
of ammonia. 
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“The voluminous zinc precipitates have usually a fine red or 
red-brown colour; they are carefully washed with cold, and afterwards 
with hot water, until the filtrate gives no reaction for chlorides; they 
are then boiled up with alcohol, and finally thoroughly dried at a low 
temperature. The dry powdered mass is now dissolved in aqueous 
ammonia, which leaves but a very slight insoluble residue. The 
solution, which is loaded with pigment, is precipitated by lead acetate. 

“The lead precipitate, which has usually a well-marked red colour, 
is washed with cold water (but not for too long a time, else an 
appreciable quantity of pigment goes again into solution), dried and 
extracted with alcohol containing sulphuric acid. The solution is 
mixed with about half its volume of chloroform, and is then shaken 
with a large excess of distilled water. | 

“When the chloroform solution has separated and become clear, it 
is removed by means of a separating funnel and washed once or twice 
with distilled water. The washing must be performed as quickly as 
possible, and not too much water must be used, or considerable 
quantities of the pigment will go into the washings’. As soon as 
the latter begin to be coloured the chloroform is removed and 
distilled off.” 

It is of interest to note that this, the earliest described process for 
the separation of urobilin, surpasses all others since described in the 
purity of the product which it is capable of yielding. We feel sure 
that no one, who becomes acquainted with the properties of pure 
urobilin, can doubt, after reading Jaffé’s description of the substance 
which he prepared, that he was dealing with urobilin in a state of 
purity. 

Esoff* has indeed stated that from residues left by the chloroform 
in the final stage of Jaffé’s process he was able to extract with ether 
a reddish substance, distinct from urobilin, leaving behind the latter in 
purer condition as a brown amorphous mass. Our own experience 
leads us to believe that the reddish substance thus extracted was 
urobilin itself. After it has been heated upon the water bath the 
pigment does not go into ether with great readiness, and on extracting 
dried residues with this solvent solutions may be obtained, which have 
a pink colour, because very weak. It is a fact which we emphasize 


1 As long as the liquids are acid, the urobilin tends to remain in the chloroform, but 
the first washing waters tend to remove the acid, and as the later ones become more and 
more nearly neutral, they are increasingly apt to remove the pigment. 

* Archiv f. d. ges. Physiol, x. p. 50. 1876. 
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elsewhere, and one well known to Jaffé, that very dilute solutions of 
urobilin are distinctly pink in colour, and we can assert at any rate 
that in repeating Esoff’s observation, the pinkish ethereal extracts 
sometimes obtained have always shown a band at F proportionate to 
the amount of colour present. 

There are many difficulties connected with the zinc chloride 
separation, some of which are referred to below, but we venture to 
repeat our conviction that Jaffé obtained an excellent product by its 
means, and that his descriptions, so far as they go, apply exactly to the 
properties of the pure pigment. 

Ten years after Jaffé’s discovery of the pigment, Méhu' made the 
important observation that urobilin could be precipitated from urine, to 
which a little sulphuric acid had been added, by saturation with crystals 
of ammonium sulphate. From the precipitate thus produced he isolated 
the pigment by extraction with absolute alcohol, rendered alkaline with 
ammonia, the alcoholic extract being afterwards evaporated to dryness 
at a low temperature. 

This method has since been employed by many observers, not only 
for the separation of urobilin, but also for the estimation of its quantity. 
Minor modifications have sometimes been introduced in the final 
stages*, but an efficient fractionation of the product has never been 
secured. 

We shall have occasion, immediately, to discuss this process further, 
and it is also dealt with in a later section of this paper. To avoid 
repetition we will here only state our belief that the ammonium 
sulphate separation, although a most valuable one, has never yet been 
so used as to yield a product even approximately pure. We may note in 
this place the important observation of Eichholz that the chromogen 
of urobilin is also precipitated by ammonium sulphate, and may be 
obtained from urines in which it is present by using Méhu’s method 
without preliminary acidification with sulphuric acid. 

The only other methods of importance which have been used for the 
separation of urobilin are based upon precipitation with the acetates of 
lead. MacMunn precipitates the urine with both acetates, and treats 
the mixed precipitates with alcohol containing sulphuric acid. The 
solution filtered from lead sulphate is largely diluted with water, and 
shaken with chloroform. The latter is then evaporated to dryness, and 
the residue redissolved in alcohol or a second time in chloroform. 


1 Bull, de V Acad. de Méd, vu. p. 671. 1878. 
2? Cf.G. Hoppe-Seyler. Virchow’s Archiv, cxx1v. p. 30. 


3 
q 


118 A. E. GARROD AND F. G. HOPKINS. 


Adolf Jolles precipitates with the basic acetate only, decomposes 
the lead precipitate in accordance with MacMunn’s method, and puri- 
fies the product by repeated solution in alcohol. 

Lead precipitation is a process with so little selective power for 
individual urinary pigments (most urines yielding practically colourless 
filtrates after treatment with the mixed acetates) that it is not sur- 
prising if the precipitates obtained should yield to solvents such as 
acid alcohol and chloroform—which as regards the majority of animal 
pigments are themselves not selective—extracts which contain a medley 
of pigments. 

It is remarkable that whilst the first aim of the chemist in other 
departments is to secure efficient fractionation of mixed products 
into chemical individuals; in the domain of pigments, where the 
control of chemical analysis is frequently difficult or impossible of 
application, the question of fractionation is so often neglected. 

The method of Jaffé is free from such objections, but he himself 
admits that by its means, even when large quantities of highly pig- 
mented urines were employed, only very trifling “geringfiigigen ” 
amounts of urobilin were obtainable’. This has certainly been our 
experience of the process. We have found, that the conditions requisite 
for precipitation are difficult to control, especially in working on a 
large scale, and even when the original precipitation with zinc chloride 
and ammonia is approximately complete the product is frittered away 
in the subsequent stages. It therefore became necessary, before any 
more complete examination of the pigment could be made, and espe- 
cially before ultimate analyses could be attempted, that some other 
line of separation should be devised. 

B. New methods of extracting urobilin from urine. 

In this section are detailed the principles of two methods which 
we have found satisfactory. Both are primarily based upon the sepa- 
ration by ammonium sulphate, but each involves important modification 
of Méhu’s original method. It should be premised that they are 
described as methods by which pure urobilin may be obtained, and 
not as processes for its estimation. 

(a) A Precipitation method. The precipitate obtained when urjne 
is saturated with ammonium sulphate is mainly composed of am- 
monium urate. The sulphate will, in fact, precipitate uric acid in 
the form of ammonium urate as completely as the chloride, although 


1 Jaffé. Loc. cit. p. 416, 
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more slowly and in a less pure condition. With the urate are asso- 
ciated not only urobilin and its chromogen, but other pigments and 
chromogens also’. Even when the urine is first feebly acidified, as 
in Méhu’s process, the precipitate is still largely composed of am- 
monium urate; the chromogens are decomposed, but other pigments 
are precipitated in addition to urobilin. Investigation shows that 
some at least of these pigments depend for their precipitation upon 
association with the urates and are not thrown down when these 
latter are absent, whereas for urobilin itself ammonium sulphate is 
a true precipitant. The behaviour of ammonium chloride is strikingly 
different, for urobilin is not precipitated at all by excess of this salt. 
When large quantities of the pigment are present some may be carried 
down mechanically with the urates, but there is no true precipitation. 
If therefore the urates be first thrown down by saturation with 
ammonium chloride and filtered off, and if crystals of the sulphate 
be added to the filtrate, a precipitate of urobilin is obtained on standing, 
which is much purer than the product of Méhu’s process. 

It should next be noted that water, although by no means an 
active solvent of urobilin, takes up this substance much more readily 
than it does most of the other urinary pigments. If therefore the 
precipitate yielded by ammonium sulphate, after previous removal 
of the urates, be dried upon the filter-paper, and then extracted with 
distilled-water (a large proportionate bulk of the solvent being necessary), 
the latter takes up the urobilin, and effects a further fractionation 
of the product. | 

The aqueous solution is now again saturated with ammonium 
sulphate and the precipitate will consist of urobilin not very far from 
a state of purity. Such precipitation with the salt and re-solution in 
water may of course be repeated as often as is thought necessary ; the 
final precipitate is dried and the pigment is extracted with absolute 
alcohol. When plenty of material is available the final stage should 
be carried out as follows. The product of the second or third pre- 
cipitation with ammonium sulphate is dissolved, no longer in pure 
water, but in dilute ammonia. Whereas a large bulk of neutral 
water was requisite for solution, in the alkali the urobilin is very 
freely soluble, and a quantity only just sufficient to dissolve the 
precipitate is employed, by which means a very concentrated solution 
is obtained. 


1 Of. Méhu, Jour. Pharm. [5}. vm. 122; and Michailoff, Jour. Chem. Soc. trv. 880. 
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If now the solution be acidified with a minimal excess of sulphuric 
acid the urobilin is to a great extent precipitated as an amorphous 
brown-red powder. This is a step of great value in purification, 
provided that the urates have been efficiently removed at the first 
stage. | 

The precipitate obtained on acidification is best separated by the 
centrifuge (as it may filter badly). It is washed with a small quantity 
of a saturated solution of ammonium sulphate, again centrifuged, dried, 
and finally separated from adherent ammonium sulphate by solution 
and re-solution in absolute alcohol. 

(6) An Ezatraction process. When a urine rich in urobilin is 
shaken with certain organic solvents, and especially with chloroform, 
it yields to the latter a certain proportion of its pigment. The amount 
is increased if the urine be first rendered just acid with sulphuric acid, 
and we have found that the proportion of the pigment going into 
chloroform is very greatly increased if the urine be saturated with 
ammonium sulphate in addition to being acidified. The transference 
now becomes approximately complete, and a urine comparatively poor 
in urobilin will yield its pigment to chloroform quite satisfactorily. 

But in this case also it is of great advantage first to remove 
the urates by saturation with ammonium chloride, the sulphate being 
added to the acidified filtrate as before. The removal of urates is in 
this case valuable for the following reasons:—The urates carry down 
with them small quantities of certain pigments and chromogens which 


might otherwise accompany the urobilin into the organic solvent. 


More important still is the fact that urates when present begin to 
precipitate almost immediately when saturation with ammonium 
sulphate is carried out, and they carry with them part of the urobilin, 
which is no longer available for extraction by the solvent. When, on 
the other hand, urates are absent the precipitation of the urobilin as 
such is much slower. Saturation with ammonium sulphate at once 
diminishes the power of the liquid to hold its urobilin, but actual 
precipitation is slow to begin. 

By these three steps therefore, viz., removal of urates, acidification 
with sulphuric acid, and, finally, saturation with ammonium sulphate, 
the urine is brought into a condition to yield up its urobilin with the 
greatest readiness, and except in cases in which very large amounts of 
the pigment are present all three steps are necessary before very much 
of it is taken up by any available solvent. 

To extract the urobilin we employ a mixture of chloroform (1 part) 
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and ether (2 parts), shaking the urine after it has been treated in the 
manner just described with about its own bulk of the ether chloroform 
mixture, in a large separating funnel. 

The mixture of ether and chloroform does not extract the urobilin 
so readily as does chloroform alone, but we strongly recommend it as a 
solvent because it is more selective in its action. If the ether chloro- 
form extract obtained as above be separated from the subjacent 
saturated urine, and shaken with distilled water, the urobilin is 
immediately re-transferred to the water. To obtain a ready transfer 
a trace of alkali should be added, to neutralise any acid which may have 
passed into the organic solvent from the acidified urine. 

If the solution be neutral the water takes up the whole of the 
urobilin immediately and completely. The ether-chloroform may 
remain somewhat pigmented, but will no longer show the urobilin 
band. The aqueous solution being now again saturated with ammo- 
nium sulphate, and slightly acidified, once more yields its pigment to 
ether chloroform. 

It should be noted how selective is this method of separation. The 
pigment leaves the urine or the aqueous solution mainly on account of 
the quite special effect of ammonium sulphate saturation, and in the 
absence of this it goes back into water. Any substance which accom- 
panies it into the organic solvent (for reasons independent of the 
influence of ammonium sulphate) is very unlikely to follow it back 
into pure water. If however the pigment is to be taken a second time 
into ether chloroform, as is necessary if the full advantages of the 
selective influence are to be obtained, the following course is desirable. 
The aqueous solution obtained at the first stage must be deprived of 
any ether held by it, before the crystals of ammonium sulphate are 
again added, since a subsidiary effect of the salt is to cause a rapid 
separation of the dissolved ether, which, rising to the surface, carries 
with it much of the pigment, and deposits it upon the surface of the 
liquid or upon the sides of the vessel. 

The ether must not be driven off on the water bath, because urobilin 
is oxidized with remarkable rapidity when aqueous solutions containing 
a little ether are thus evaporated. A current of air drawn through the 
liquid by means of a filter pump will effectually remove the ether in 
the course of an hour or so, and after such treatment ammonium 
sulphate may be added and the liquid again shaken with ether- 
chloroform. 

If the pigment has thus been taken a second time into ether 
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chloroform it may next be removed by shaking, no longer with pure 
water, but with water rendered distinctly alkaline with ammonia. 
Great concentration of the product is thus obtained (for the pigment 
will entirely leave the organic solvent for less than one-twentieth of its 
bulk of alkaline water’). To complete the separation the alkaline 
solution is acidified and shaken with pure chloroform, and its solution 
in the latter is filtered and evaporated to dryness. As a final step, to 
make sure of the removal of all traces of ammonium sulphate, the 
residue may be taken up in absolute alcohol, the alcoholic solution 
being again filtered and evaporated. 

In the separation by ether chloroform there is some tendency to loss 
of pigment, because after shaking the saturated aqueous solution with 
the organic solvent a certain amount of urobilin is apt to be separated 
at the junction of the liquids. It must indeed be understood that 
neither of the methods here described is easily made available for 
quantitative estimation. 

In all physical and chemical properties described in this, the first, 
part of our paper the products obtained by the two methods exactly 
agree, and they also agree with Jaffé’s description of the pigment in 
all the details to which his observations extended. These methods give, 
however, a much better yield than does the zinc chloride process, and, 
although the description of them is necessarily somewhat lengthy, will 
be found much easier to carry out. 

In the second part of this paper we hope to give analyses of products 
obtained by the two lines of separation here described, respectively. 

In concluding this section it will be well to emphasize the necessity 
of working with urines which contain a sufficiency of the pigment. 
Cases should be chosen in which the urine as passed shows a well- 
marked urobilin band. ; 

By working on a large scale we have, indeed, been able to obtain by 
the ether chloroform process enough urobilin from normal urines for the 
purposes of this paper, but normal urine contains as a rule such an 
infinitesimal quantity of urobilin (a fact recognised by Jaffé, but 
sometimes lost sight of since) that it is at all times a most inconvenient 
source of the pigment for purposes of investigation. 


1 Disqué has previously shown that urobilin may be removed from chloroform by 
shaking with a dilute solution of sodium hydrate. 
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IIL. Tue Properties or URosILIN. 


(a) Properties of Solutions. A specimen of urobilin such as is 
obtained by evaporating to dryness an ammoniacal solution, and 
dissolving the residue in alcohol, has a brown colour when concen- 
trated; when more dilute becomes brownish yellow, and when very 
dilute has a dull pink tint. The solution exhibits a green fluorescence, 
apart from the addition of any reagent (conf. Jaffé and Eichholz). 
When prepared in the above manner the solution has a feebly acid 
reaction and shows the absorption band of acid urobilin, but a strictly 
neutral solution has a somewhat brighter fluorescence, and shows the 
alkaline band. 

On the addition of a drop of an acid, either mineral or organic, 
the liquid assumes a more orange colour, and the fluorescence dis- 
appears entirely. 

The acid solution has a warm brown tint when concentrated, 
becomes bright yellow when more dilute, and when very dilute has, 
like the original liquid, a dull pink tint. At the yellow stage the 
colour closely resembles that of normal urine, but at the degree of 
concentration required for the production of this tint the characteristic 
absorption band is seen with great intensity, whereas a solution so 
dilute as to show a band comparable with the urobilin band sometimes 
seen in normal urine is almost colourless, exhibiting merely a faint 
pinkish hue. 

The true yellow pigment of the urine on the other hand, as isolated 
by the process described by one of us, yields no absorption band, and 
retains its yellow colour, however great the degree to which its 
solutions are diluted’. 

If the solution of urobilin be free from other pigments or pigment 
yielding substances, no extra bands are developed on the addition of an 
acid, and as will be shown later any specimen that develops a pink or 
red colour, under such treatment, must be regarded as impure. 

This series of tints, brown, yellow and pink, is common to all the 
compounds of urobilin, which exhibit, for the most part, the single | 
absorption band, more or less altered in position and character. The 
pink tint is apparently connected with the extent to which the blue and 
violet rays penetrate the solution, and the further the absorption band 
is shifted towards red the sooner is the pink tint developed on dilution. 


A. E. Garrod. Proc. Royal Soc, uv. p. 394. 1894. 
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Even in ordinary acid solutions the pink tint persists to a higher 
degree of concentration in chloroform than in alcohol, and to a higher 
still in bromoform, and with these latter solvents there is a corre- 
sponding displacement of the band towards red. 


Position of the redward border of the band of acid urobilin in 
various solvents, with solutions of equal concentration. 
Alcohol 5080 N.B. The displacement is not observed 


Chloroform A 5130 unless the chloroform or bromoform 
Bromoform A5170 be free from alcohol. 


In very concentrated acid solutions of urobilin the absorption band 
is completely lost in general absorption of the more refrangible rays. 
As dilution proceeds the absorption is seen to be sharply bounded by 
the redward border of the band; next the blue and violet rays begin to 
penetrate, and the broad composite band, with its region of complete 
blackness towards red, and a dark shading extending towards violet, 
becomes clearly visible. Further dilution enfeebles and ultimately 
removes the shading, whilst the violet end of the spectrum becomes 
clear to its utmost limits. The darker portion of the band next 
undergoes some shrinkage in both directions, its borders become hazy 
and ill defined, and when a certain stage is reached no further 
contraction takes place, the band although maintaining a constant 
breadth becoming fainter and fainter until it ultimately disappears. 

The following table illustrates the above changes, each successive 
solution having been twice as dilute as the preceding one (see also 
Plate I. A 1—6). 


Effect of dilution wpon the band of urobilin in acidified alcoholic 
solution. 


of band Shaded portion 
1. 5200 Complete absorption of blue and violet. 
2. A5130 | 44590 Uniformly dark. 
3. A5B1IO—A4810 A4810—A 4590 
4. A5080—A 4825 
5. A5080—A 4860 
6. A5060—A 4860 Edges of band hazy. 
7. A5060—A 4860 Band very faint. 


The band above described is the only one shown by pure solutions 
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of urobilin, and we may add that Professor Gamgee, who has kindly 
examined some of our specimens, reports that he has found no 
absorption band in the ultra violet spectrum. 

Properties of Solid Urobilin. Solid urobilin is amorphous, and not 
deliquescent. When heated it emits a slight peculiar odour. It varies 
in colour according to the method of preparation, the precipitate 
obtained by saturating an aqueous solution with ammonium sulphate 
being brown, whereas the residue left after the evaporation of an 
alcoholic solution is reddish brown, and that got by precipitation with 
acids from alkaline watery solutions is bright red. 

We know of no liquid in which urobilin is insoluble, with the 
exception of water completely saturated with ammonium sulphate. 
Alcohol aud chloroform dissolve it very readily, ether and acetic ether 
much less readily. | 

In water it is sparingly soluble, and still less so when a small 
quantity of acid is added, but it is freely dissolved by water rendered 
alkaline with ammonia, potash or soda. 

A new spectroscopic property of Urobilin. The E band. Jaffé and 
several later investigators observed the fact that urobilin is much more 
soluble in alkaline than in acid water, and that by acidifying a 
concentrated aqueous solution a partial precipitation of the pigment 
is brought about. However no one of those who mention this fact 
seems to have observed the remarkable spectroscopic phenomena which 
accompany this precipitation. 

When, to a concentrated solution of nearly pure urobilin in water 
rendered alkaline with sodium or potassium hydrate, sufficient sulphuric 
or hydrochloric acid is added to render the liquid faintly acid, a slight 
turbidity is observed, due to the formation of an impalpable precipitate. 
If now the turbid liquid be examined with the spectroscope there is 
seen, in addition to the band of acid urobilin, a sharply defined, narrow 
band, enclosing, and almost bisected by, the Fraunhofer line £, and 
which is connected with the urobilin band by a faint shading. (This 
narrow extra band will be spoken of in future as the E band.) 
(Plate I. B. Fig. 1.) 

When the liquid is run through a filter-paper the precipitate is in 
part removed, but for its complete removal many filtrations, and 
perhaps some dilution with water will be required. As the precipitate 
is removed the E band fades and ultimately disappears from the filtrate, 
the ordinary urobilin band alone remaining. The precipitate upon the 
filter-paper has a bright red colour and shows the E band when placed 
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before the spectroscope, and a narrower and less intense urobilin band 
than the original liquid. 

The precipitate is readily dissolved off the paper by alcohol, and 
yields a pure yellow solution which shows the single band of acid 
urobilin, all trace of the E band having now disappeared. 

It is evident from its complete disappearance when the precipitate 
is dissolved in alcohol that the extra band is not due to any impurity, 
but to a peculiar physical state of the solid urobilin thus precipitated, 
and no such band is seen on examining solid urobilin obtained by other 
means, as for example by evaporation or by precipitation with amimo- 
nium sulphate. Under the microscope the red precipitate is seen to 
consist of minute amorphous granules. 


Precipitation of urobilin from 


of an acid. 
Band between 
The = band band F 
1, Spectrum of the liquid with the A5350—A5220 A5080—A 4550 
precipitate in suspension. 


2. Spectrum of the precipitate A5350—A5220 A5080—A 4770 
upon the filter-paper. 

3. Spectrum of an alcoholic solu- absent A 5080—A 4550 
tion of the precipitate. 


As might be expected from what has gone before this reaction is a 
somewhat delicate one, and various disturbing factors, some of them 
unknown, may interfere with the observation of the E£ band. 

In the first place, it is desirable that. the specimen of urobilin used 
in the experiment should be freshly prepared and as pure as possible, 
and especially that it should contain no impurity precipitable by acids, 
for the presence of such impurities may entirely prevent the develop- 
ment of the band. 

Secondly, it is important that the pigment should not have under- 
gone any of the modifications to which, as will presently be seen, it is 
liable. 

Thirdly, an excess of acid destroys the E band: and lastly, when the 
liquid is warmed the suspended precipitate dissolves and the £ band 
does not reappear on cooling. 

For the above reasons it does not by any means follow that the 
reaction will be obtained at the first attempt with any given specimen 
of urobilin. | 
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Some observers have stated that in faintly alkaline solutions the 
bands of alkaline and acid urobilin may be simultaneously observed, 
but, since the darker portions of these two bands actually overlap, this 
cart Only amount to an extension of the urobilin band towards red, a 
phenomenon which is frequently seen in nearly neutral specimens. 
The £ band, on the other hand, is much nearer red, and differs entirely 
in its characters from that of alkaline urobilin, with which it cannot be 
confused. Moreover it is never seen in faintly alkaline solutions. 
Seeing that the spectroscopic recognition of urobilin has hitherto rested 
upon the identification of a single absorption band, it is evident that 
the appearance of this more complex spectrum affords very strong 
evidence indeed that the substances which yield it are identical, and 
whilst we do not attach any very great weight to the failure to obtain 
the E band with any given specimen, we cannot but regard a positive 
result as affording an evidence of identity practically amounting to 
proof. 

As will presently be seen we have obtained and measured the 
E band spectrum when working with urobilin obtained from normal 
urine, from morbid urines, from feces, and from the bile removed from 
the gall-bladder post mortem. 

The instability of Urobilin. Urobilin must be regarded as a 
decidedly unstable substance, although its solutions may be heated with 
hydrochloric or sulphuric acid without undergoing change. Nitric acid 
removes the colour of its solutions in a short time, and entirely abolishes 
the absorption band. Peroxide of hydrogen has a similar but much 
slower action. As has been shown by several observers, reducing agents 
also decolorize the solutions and remove the band, but here both colour 
and band gradually return on exposure to the air. 

Urobilin is also liable to undergo modification, and some of the 
modified forms of the pigment will be described later. 

Metallic compounds of Urobilin. Urobilin appears to form com- 
pounds with metals some of which show no absorption band in solution, 
whereas others present a single band differing in position and character 
from that of the uncombined pigment. 

The behaviour of urobilin with ammonia is somewhat peculiar, and 
if an ammoniacal compound is formed it must be much less stable than 
the corresponding compound of hematoporphyrin, for organic acids are 
able to restore the acid spectrum, and even by merely evaporating an 
ammoniacal solution to dryness a residue is obtained which, when 
dissolved in alcohol, shows the ordinary urobilin band. 
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On the other hand, neither evaporation to dryness nor addition of 
an organic acid suffices to decompose the ammonia compound of 
heematoporphyrin, and this difference affords a ready means of ascer- 
taining whether one is dealing with a mixture of these two pigments. 
If a mixed solution of urobilin and hematoporphyrin be rendered 
alkaline with ammonia and afterv-ards acidified with acetic acid, the 
acid liquid will show, in superposition, the spectra of acid urobilin and 
of alkaline hematoporphyrin. 

On the addition of ammonia to a solution of urobilin the colour 
changes to canary yellow, and no absorption band is seen unless the 
solution be very concentrated. (For an exception to this rule see 
Section V.) If the original liquid was fluorescent the fluorescence 
promptly disappears. 

Jaffé, whose description of the properties of urobilin is, as has been 
already mentioned, in complete accord with our observations, noticed 
and clearly described this change of tint. 

As Jaffé further observed, the effect of sodium or potassium hydrate 
is different. As a rule the canary yellow tint is seen at first, but quickly 
changes to orange-yellow if the solution be concentrated, or to pink if 
it be more dilute, and at the same time a well-defined band appears 
situated nearer to the red than that of acid urobilin. This band 
preserves the composite character, consisting, like the original band, of 
two portions, a dark part towards red and a shading extending into 
the blue (Plate I. B. fig. 4). Here as with the ammoniacal solution 
acetic acid restores the colour and band of acid urobilin. 

The zinc compound, as obtained by the addition of zinc chloride 
and ammonia to a solution of urobilin, is well known on account of the 
brilliant green fluorescence which it exhibits. When fairly dilute the 
solution has a rich pink tint by transmitted light, which is replaced by 
the usual orange yellow as concentration proceeds. The band although 
rather more pronounced is almost identical in position with that of the 
sodium and potassium compounds, and has similar characters. (Plate 
I. B. fig. 5.) 

On the addition to urobilin solutions of cadmium chloride and 
ammonia no fluorescence is produced, as Jaffé remarked, and no ab- 
sorption band is yielded by the pale yellow liquid. 

The calcium compound shows a feeble green fluorescence, is yellow 
in solution and shows no absorption band. 

The mercury compound, which is obtained by the addition of a 
solution of mercuric chloride to a neutral or faintly alkaline solution of 
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urobilin, is characterised by its beautiful pink colour, which persists to 
a high degree of concentration, but is ultimately replaced by a yellow 
tint. This compound has been studied by Adolf Schmidt’, who 
recommends the application of a solution of mercuric chloride to the 
intestinal walls and contents as a test for urobilin in them. When the 
pigment is present a pink colour is developed. The band of mercury 
urobilin is nearer to the red than those of the compounds previously 
described. Its borders are less defined, but it more or less retains the 
dual character so frequently described. (B. fig. 6.) 

Zawadski’* obtained a pink product by adding calomel to a faintly 
alkaline (soda) solution of artificially prepared urobilin, and the calomel 
was blackened. We have repeated his experiment with urobilin from 
urine and have obtained the rich pink colour which he describes, the 
product being certainly mercury urobilin, as was shown by the character 
of its absorption band and by the action of acids upon it. 

Zawadski describes this reaction as the conversion of urobilin into 
urorosein, but apart from what has been already said it is impossible 
that urorosein should thus be formed in an alkaline liquid, seeing that 
its solutions are promptly decolorized by alkalies. 

Silver urobilin is also a pink product, which may be obtained by 
the addition of silver nitrate to an alkaline solution of urobilin. Its 
solutions show no distinct band, but merely a broad and very ill-defined 
shading extending approximately from A 5290 — » 4860. 

Fluorescence. One of the most interesting properties of urobilin is 
the tendency of its solutions to fluoresce. As we have seen neutral 
solutions of the pure pigment possess this property, but the brilliancy 
of the fluorescence varies greatly in different specimens, as might be 
expected when we consider how readily it is abolished by the presence 
of small amounts of acid or alkali. 

The feeble fluorescence of the calcium salt has also been referred to, 
but the phenomenon is seen at its best in the solutions of the zinc 
compound. 

In studying fluorescence in such solutions it is necessary to be on 
one’s guard against mistaking for true fluorescence a sort of pseudo- 
fluorescence due to the dichroic character of urobilin solutions, we refer 
to the pink and yellow tints which they exhibit in different depths or 
concentrations. 

Adolf Schmidt has described a feeble yellow fluorescence of the 

Loe. cit. 
Archiv f. exp. Path. u. Pharmakol. xxvut. p. 450, 1891. 
PH. XX. 9 
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pink mercurial solutions, but it has seemed to us that we are here 
dealing with an example of the pseudo fluorescence or dichroism in 
question. Undoubtedly a yellow light is seen in the pink liquid, but 
this we believe to be due to the fact that tho light, reflected from the 
further surface of the bottle, having traversed a double thickness of 
the solution has acquired a yellow tint; and it can be shown that 
solutions which present this appearance appear yellow instead of pink 
when examined in double depth by transmitted light. 

Even in the zinc solutions the brilliancy of the fluorescence varies 
greatly. It is to some extent dependent upon their purity; for 
extraneous pigments tend to arrest the fluorescent rays from the 
deeper parts of the liquid. For the same reason turbidity of the liquid 
has a very great effect in impairing the fluorescence. We have not 
found that colourless neutral salts in solution have any inhibitive effect 
as long as they do not produce turbidity. As might be expected the 
fluorescence is most brilliant with concentrated solutions, but it remains 
clearly visible until a high degree of dilution is reached. 

The character of the illumination, in respect of the presence of 
actinic rays, and the manner of its incidence — the liquid, have a 
most important influence. 

The amount of alkali present has a erations influence upon the 
fluorescence of the zinc compound, and excess of ammonia impairs and 
ultimately destroys it, whilst the pink tint of the liquid is replaced by 
a pale yellow, and the absorption band at the same time disappears. 
The appearances suggest, indeed, that the ammonia has replaced the 
zinc in the compound. The addition of acetic acid destroys alike the 
fluorescence and the tint. 

The usual tint of the fluorescence of urobilin solutions is pale green, 
but a red tint is sometimes observed, of which it will be necessary to 
speak later in connexion with the modifications of the pigment. 


IV. ARE THERE Two KINDS OF URINARY UROBILIN ? 


The point has now been reached when it will be necessary to 
discuss the views of those observers who maintain that two distinct 
kinds of urobilin occur in urine, a normal and a pathological, and it 
may be pointed out at the outset that no two of them assign the 
same properties to the pathological pigment. 
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The normal and pathological Urobilins of MacMunn. 


MacMunn! was the earliest exponent of the above view, and his 
statements, on a subject so closely associated with his name, call for a 
somewhat detailed examination. He bases the distinction between 
normal and pathological urobilin upon, (1) differences in the breadth 
and character of the essential band of urobilin, (2) differences in 
fluorescent power, (3) differences in colour of the solid pigments and 
their solutions, (4) the presence of certain extra bands in the spectra of 


_ the pathological pigment, and (5) the disappearance of the absorption 


band of normal urobilin on the addition of an alkali. 

It will be well to examine these several differences in turn. 

1. MacMunn describes the band of normal urobilin as narrower 
and less sharply defined than that of pathological, and as wanting the 
dark shading extending towards the violet. It has been already 
pointed out that these are exactly the modifications which are pro- 
duced by dilution of_a solution of the pigment, and are those which 
we might expect to observe if, as is certainly the case, the amount 
of urobilin in normal urines be very minute compared to that present 
in many morbid specimens. 

2. Dilution has a potent influence in reducing the fluorescent 
power of solutions of urobilin, and a similar explanation will therefore 
account for the feebler fluorescence observed with solutions of the 
normal pigment. 

3 and 4. The method employed by MacMunn, viz. precipitation 
by the neutral and tribasic acetates of lead, extraction by alcohol and 
sulphuric acid, and shaking the extract with chloroform, after the 
addition of water, has the great disadvantage of exercising no selective 
action among the contained pigments, various colouring matters and 
pigment-yielding substances being carried down; and on extraction with 
acidified alcohol a solution of mixed pigments is obtained. Among 
these may be hamatoporphyrin, urorosein, uroerythrin, and, when much 
sulphuric acid is employed, the crimson product of the action of that 
acid upon uroerythrin*%. There is also present the essential yellow 
pigment of urine, which shows no absorption band, and the products 
of its decomposition by the acid. To this list should almost certainly 
be added some unknown pigmentary substances. 


1 For most recent exposition see This Journal, x. p. 71. 1889. 
? This Journal, xvm, p. 446. 1895, 
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From such solutions chloroform extracts urobilin, hematoporphyrin, 
and urorosein if present, the band of urorosein overlapping and broad- 
ening the second band of acid hematoporphyrin. It is therefore 
obviously impossible to regard the products obtained by this method 
as approaching to purity, but the extracts obtained from normal urine, — 
from which several of the above pigments may be absent, or present in 
mere traces, are much purer than those from morbid urines. 

When working with the above method we have obtained results 
agreeing closely with MacMunn’s descriptions, and we differ from him 
rather as to the interpretation to be put upon the observed phenomena 
than as to the phenomena themselves. On the other hand, the results 
obtained have not in our hands exhibited such uniformity as might be 
expected if pathological urobilin were a distinct and well-defined 
pigment, even when all specimens were excluded in which the urobilin 
band was not exceptionally broad and sharply defined. 

A study of MacMunn’s published measurements strongly suggests, 
as one of us has already pointed out’, that hematoporphyrin present as 
an impurity was largely responsible for the extra bands assigned by him 
to pathological urobilin; but a further study of preparations made 
by the lead method showed that such contamination does not explain 
all the observed phenomena. We have seen the bands described by 
MacMunn as developed by the addition of ammonia and zinc chloride 
in specimens which have shown no hematoporphyrin bands in the acid 
state. 
We must acknowledge our inability to assign these latter bands to 
any recognised impurity, for we have not obtained them with solutions 
of any of the known urinary pigments, but seeing that MacMunn has 
himself observed a similar zinc spectrum when examining extracts from 
normal urine*, the presence of these bands cannot be regarded as 
affording a distinction between the normal and pathological pigments. 
On the other hand, we are convinced that the extra bands and the red 
colour of morbid specimens are due to the presence of impurities for the 
following reasons : 

1. When the specimens are kept for a time the extra bands tend 
to disappear, the urobilin band alone remaining. 

2. The extra bands are not seen with specimens of urobilin 
extracted from morbid urines by the ammonium sulphate process, 
either in its simpler form, or as modified by us. 


1 F.G. Hopkins. Guy’s Hosp. Reports, u. p. 368. 1893. 
2 This Journal, x. p. 96. 1889. 
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3. When an extract obtained by treating the lead precipitate with 
acidified alcohol, and showing the extra bands, is diluted with several 
times its bulk of water and filtered, the red impurities are almost 
completely retained upon the filter-paper, whereas the filtrate has a 
pure orange or yellow colour; and by saturation of the filtrate with 
ammonium sulphate, and solution of the precipitate so formed in alcohol, 
a nearly pure solution of urobilin is obtained, which shows the essential 
band with great intensity, but no supplementary bands. 

4. The original precipitate formed on the addition of water yields 
when treated with alcohol a pinkish red solution, which shows the extra 
bands, and sometimes a fairly pronounced urobilin band, but sometimes 
hardly any. Under any circumstances the great bulk of the urobilin 
has obviously passed on into the aqueous filtrate. 

5. As to the disappearance of the band of normal urobilin on the 
addition of an alkali, and the mere displacement of that of pathological 
urobilin by similar treatment, we can only state that in our hands 
specimens from normal and morbid urines have alike shown the dis- 
placed band when rendered alkaline with sodium or potassium hydrate, 
whereas with ammonia the urobilin from both sources, unless modified, 
has lost its band, a faint band being only seen with very concentrated 
solutions. On the other hand, the appearance of a distinct alkaline 
band in ammoniacal solutions is one of the leading characteristics of 
the modified form of urobilin most frequently met with. 

On the above grounds we believe that we are justified in attributing 
the differences which MacMunn describes as separating pathological 
from normal urobilin, in so far as they relate to the character of the 
band at F, to the far smaller amount of urobilin present in normal 
urines than in many morbid specimens: and, in so far as they relate to 
extra bands, to the far more abundant presence of certain unknown 
pigmentary impurities in the extracts obtained from morbid urines. 


The normal and pathological Urobilins of Eichholz. 


Eichholz', working with the ammonium sulphate method, has 
obtained results different indeed from those of MacMunn, but which 
lead him also to the conclusion that there are two distinct kinds of 
urobilin met with in normal and morbid urines respectively. 

When employing the method made use of by Eichholz, viz. satura- 
tion of the urine with ammonium sulphate, without previous acidifica- 


! This Journal, x1v. p. 326. 1898. 
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tion, drying of the precipitate upon the filter and extraction with 
alcohol, we have obtained results practically identical with his. Normal 
urines so treated yielded weak solutions of urobilin like those obtained 
by our process, but from very many morbid urines solutions were 
obtained which showed a much more intense urobilin band, and which, 
on the addition of hydrochloric acid gradually acquired a red or pink 
colour, and showed, in addition to the urobilin band, a shading extending 
towards the red, and terminating in a comparatively narrow band in 
green. The fact that the extra band agreed in position and breadth 
with that of urorosein, which also produces a shading of the whole of 
the green part of the spectrum, suggested that the observed phenomena 
might be due to the presence of urorosein as an impurity. _ 

Urorosein is one of the pink pigments which is -produced from 
colourless chromogens present in urine by the action of mineral acids. 
It was first described by Nencki and Sieber' and has been made the 
subject of a somewhat exhaustive study by Rosin*, who was enabled 
to isolate its chromogen in the form of colourless crystals from the urine 
of horses, in which it is abundantly present. It is greedily extracted 
from its solutions by amylic alcohol, and is stated by Nencki and 
Sieber, and by Rosin also, to be insoluble in chloroform, or at any rate 
to be incapable of extraction by chloroform from the urine in which it is 
developed. This latter fact, which we can completely confirm, seemed 
at first sight opposed to the view that this pigment is responsible for 
the extra band in Eichholz’s pathological specimens, seeing that the 
substance which yields the extra band goes into chloroform with the 
urobilin. We found, however, that in the presence of alcohol chloroform 
takes up urorosein readily, and that the alcohol may be washed out of 
the chloroform, leaving the pigment in that solvent. Under such 
conditions, te. in alcohol-free chloroform, the band shows a displace- 
ment towards red, just as the extra band of the Eichholz product does 
under similar circumstances. 

It was found, moreover, that when a urine rich in the chromogen of 
urorosein was saturated with atamonium sulphate the chromogen was 
to a large extent precipitated, and that in the alcoholic solution of the 
precipitate thus obtained, from a specimen of urine poor in urobilin, there 
was developed, on the addition of hydrochloric acid, a pink colour, and a 
spectrum like that of the pathological urobilin of Eichholz, save that 
the urobilin band was narrow and very faint. 

1 Journ. f. prakt. Chemie [2] xxvi. p. 333. 1882. 
2 Deutsche med. Wochenschrift. xtx. p. 51. 1898. 
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Solutions of urorosein are decolorized by alkalies and regain their 
pink colour promptly on reacidification, and in this way it was possible 
to explain the change of colour to pale yellow on the addition of 
ammonia to the red solutions obtained by Eichholz’s method. 

Lastly, just as in the Eichholz specimens the pink colour is 
gradually developed on the addition of hydrochloric acid,-so in urine, 
urorosein is gradually formed from its chromogen on the addition of 
hydrochloric acid. 

Taking the above facts into consideration, viz., the gradual appear- 
ance of the pink colour and band on the addition of an acid, the 
characters of the band and shading, the disappearance of all indications 
of the presence of the impurity when the solutions are rendered 
alkaline, coupled with the observed facts that the chromogen of urorosein 
is readily precipitated by saturation with ammonium sulphate, and 
that the pigment is readily taken up from an alcoholic solution by 
chloroform, we were led to the conclusion that our original surmise was 
correct, and that the pathological urobilin of Eichholz is a mixture 
of urobilin with urorosein. 

We found, moreover, that the chromogen of urorosein is pre- 
cipitated by ammonium sulphate sooner than urobilin is, so that on 
adding ammonium sulphate to the cold urine until turbidity was 
produced, filtration, and complete saturation of the filtrate with the 
aid of heat, it was possible to obtain from this second precipitate a 
solution of urobilin almost free from this impurity. 

The frequent development of the red or pink tint in the specimens 
is not opposed to the above view, but is in accordance with the 
observation of Rosin that the chromogen of urorosein is a very 
common constituent of morbid urines, and is sometimes present in 
traces in normal urines also. 

It is very probable that other red impurities produced by acids, 
but with less characteristic spectroscopic features, may also be present, 
and in some instances we have eres indications that this was 
the case. 

It should be mentioned that the alcoholic extracts obtained by 
Eichholz’s method sometimes exhibit a shading and extra band 
towards red, even before an acid is added. This is easily shown by 
measurement and otherwise, to be due to the presence of uroerythrin, 
precipitated upon the urate sediment which ammonium sulphate 
throws down, and the bands of hematoporphyrin are also oonasianally 
seen more or less distinctly. 
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from a specimen Same more ofextract | 

of urine rich in uroro- dilute the urine of uiniietl:Dene 
sein and in a typhlitis patient 

Band of urorosein 

X57 00 | A5610—5400'  A5600—5400*  A5825—5520 

i shading shading shading of green 

Band of urobilin 

4 5060—4860 | A5060—4860 5080—4770 Band to- 


The physiological and pathological Urobilins of Jolles. 

In a recent paper Adolf Jolles* gives his adhesion to the view 
that two distinct forms of urobilin occur in urine, a physiological and a 
pathological, which only agree in yielding the absorption band near F., 
and a green fluorescence with zinc chloride and ammonia. Like 
MacMunn, Jolles regards the normal pigment as an oxidation 
product of bile pigment, and believes the pathological to be a reduction 
product, identical with Maly’s hydrobilirubin. 

It may be noted that Jolles describes pathological urobilin as a 
red pigment, whereas we have found that when pure it acquires no red 
colour, even under the influence of mineral acids. 

In order to regard the physiological pigment of Jolles as a 
chemical individual it is necessary to assume that basic lead acetate 
precipitation exercises a highly selective action, throwing down the 
urobilin alone from normal urine, for the subsequent purification by 
alcohol cannot exert any such action; but, although the precipitation 
of the pigments by this salt is far less complete than when both 
acetates are used, we cannot look upon this proceeding as having any 
such selective power. We believe that the ill-defined character of the 
urobilin band seen in extracts from normal urine, which Jolles, like 
MacMunn, regards as characteristic of normal urobilin, to be simply 
due to the fact that these brown extracts contain mere traces of 
urobilin, and owe their colour almost exclusively to other pigmentary 
substances carried down by the basic acetate of lead. 

Jolles draws this further distinction between the two forms of 

1 On dilution the urorosein band shrinks from the red end. 


Eichholz places the extra band between A5510—5290, urobilin 
band show a corresponding difference from the above. Seeing that omchag re ear aggro 


of urobilin-zine shows a similar displacement, we can only attribute the 
differences of scale. 
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urobilin which he describes, that whereas the normal pigment loses 
alike its absorption band and power of fluorescing with zinc chloride 
and ammonia, when treated with nitric acid, or an alcoholic solution of 
iodine and mercuric chloride, the pathological pigment is unaffected by 
these reagents. 

We have found however that solutions of urobilin obtained by our 
processes from morbid urines very rich in that pigment, and showing 
an absorption band of great breadth and intensity, were decolorized by 
nitric acid as surely, although more slowly, than the more dilute 
solutions obtained from normal urines, the liquid becoming perfectly 
colourless. The urobilin band disappears and the power of fluorescing 
with zinc chloride and ammonia is at the same time destroyed. We 
have not, indeed, met with any kind of urobilin which is not thus 
destroyed by nitric acid; and this applies equally to the natural 
products and to that formed by the action of sodium amalgam upon 
bilirubin. 


It is not however upon such negative evidence alone that we base 
our contention that the urobilin of normal urine is identical with that 
which is so far more abundantly present under a variety of morbid 
conditions, but rather upon the direct comparison of the products 
obtained by the ether-chloroform process from these two sources. 

The minuteness of the amount of urobilin present in normal urines 
renders it somewhat difficult to prepare satisfactory specimens from 
them, but by working with large quantities of urine we have obtained 
concentrated solutions of normal urobilin. 

Such solutions, when acid, showed a broad, sharply-defined absorp- 
tion band between b and. F anda dark shading extending from it 
towards the violet; and, on the addition of alkalies, and of zinc chioride 
and ammonia, specimens were obtained which agreed both in colour 
and in optical properties with those prepared from morbid urines. 

Moreover on partial precipitation of a concentrated, alkaline, watery 
solution of normal urobilin by acids the E band spectrum was observed 
as distinctly as with any pathological specimen. 

In the face of such evidences of identity we maintain that stronger 
evidence than any as yet brought forward is necessary, in order to carry 
conviction that the urobilins of normal and of morbid urines are 
essentially distinct pigments. 


On the other hand, urobilin is undoubtedly apt to undergo modi- | 
fications, which produce differences both of optical and chemical 
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properties, but as such modifications are met with in special frequency, 
although by no means exclusively, in specimens extracted from feces, 
it will be convenient to speak of them more fully in the following 
section of the paper, which is devoted to the description of frcal 
urobilin. 


VY. FacaL UROBILIN. 


For the extraction of urobilin from feces we have employed the 
following method :—The fecal material is broken up and is allowed to 
soak in rectified spirit, which acquires an orange or even a red colour. 
This plan has the great advantage over extraction by water that the 
alcoholic extract is readily filtered off and is moreover free from some of 
the pigment.giglding impurities which are present in the watery 
extract. The filtrate is next diluted with twice its bulk of water, the 
addition of which causes a turbidity which cannot be completely 
removed even by repeated filtration. The diluted liquid sometimes 
exhibits a well-marked green fluorescence. Some acetic acid is added 
and on standing for a short time the colour becomes deeper and an 
intense urobilin band usually develops. On shaking with chloroform 
the urobilin is taken up from the acid liquid, and when the chloroform 
extract has been separated and evaporated to dryness the urobilin may 
be again dissolved in an excess of water acidified with acetic acid. 

For the purification of the product the aqueous solution is saturated — 
with ammonium sulphate, and the urobilin is extracted with ether 
chloroform in the manner already described. The extraction with 
ether chloroform may be repeated if necessary. By such a process we 
have obtained from feces specimens of urobilin absolutely resembling 
those extracted from urine; such solutions are not reddened by mineral 
acids, and both in their colour and in the position and character of the 
absorption band as well as in the absence of any extra bands are 
indistinguishable from the urinary ones. On the other hand the 
product will very frequently be found to be somewhat modified, and it 
will be best to describe the typical and modified forms separately. 

1. Typical fecal urobilin. The specimens of the first variety exhibit 
in acid solution the characteristic band of acid urobilin, consisting of 
a darker portion and of a deep shading extending towards the violet. 
When moderately concentrated the liquid has a yellow colour, and 
becomes pink on dilution. Towards solvents the product behaves 
just like urinary urobilin. 

Ammonia changes the colour of the solutions to canary yellow and 
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no band is seen, or only a faint one in concentration. The addition 
of zinc chloride brings out a green fluorescence quite as brilliant as 
that of the urinary product when similarly treated. A careful com- 
parison both by apposition and by measurements of the spectra of 
solutions of equal strengths of the ammonia, zinc, sodium and potassium 
compounds of the two was also made, and absolute uniformity was found 
to run through the entire series, the resemblance extending to the tint 
of the specimens as well as their spectra. 

Lastly, fecal urobilin was found to be partly precipitated from an 
alkaline aqueous solution by the addition of an acid, and the slightly 
turbid liquid having the red precipitate in suspension showed the 
narrow band embracing the E line just as did the urinary specimens. 

Here a further word of warning is necessary in connexion with this 
reaction, which is the more readily obtained the purer the urobilin 
employed. With fecal urobilin it is not always very easy to obtain for 
two reasons. In the first place, the reaction is seriously interfered 
with if the alkaline aqueous solution contains, as the faecal specimens 
unless very carefully prepared are rather apt to do, colourless impuri- 
ties which are precipitated by the addition of an acid. When such 
are present the turbidity may prevent the spectrum being seen, and 
the colourless precipitate is apt to carry down the urobilin with it. 
Secondly, the modification which fecal urobilin is so liable to undergo 
may lead to failure of the experiment. 

The above properties appear to leave no doubt that Jaffé was right 
when he claimed that fecal and urinary urobilin are identical, and, if 
this be so, it is obviously undesirable to apply two distinct names such 
as stercobilin and urobilin to the same substance according as it is 
extracted from the solid or liquid excreta. MacMunn too regards 
stercobilin as practically identical with pathological urobilin, a con- 
cession which involves the conclusion that the faces of a healthy 
person may contain abundance of pathological ,« urobilin whilst his 
urine contains only the normal variety. 

2. Modified fecal wrobilin. As already mentioned, in a con- 
siderable number of instances the product obtained from faces by 
the process above described will be found to be somewhat modified. 
We use the term modified advisedly, because the differences between 
the typical and modified pigments are much slighter than would 
justify their description as distinct substances, and how slight they are 
is shown by the fact that the modified product is readily converted into 
the typical form and vice versd. Moreover we do not claim that the 
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modification to be here described is the only one to which the unstable 
urobilin is liable, but merely that it is that which is most clearly 
defined and most frequently met with. Other modifications of a some- 
what similar character are not uncommonly obtained in working both 
with fecal and with urinary urobilin, and they are for the most 
part characterised by a displacement and elaboration of the urobilin 
band. 

The presence of the modified form of fecal urobilin is usually first 
revealed by the fact that the précipitate obtained by saturation with 
ammonium sulphate is redder than it should be, and by the further 
fact that the alcoholic solution of the precipitate retains its pink 
colour to a considerably higher degree of concentration than does a 
typical solution. 

The absorption band of acid or neutral solutions extends as far 
towards the red as the b line and when the solution is dilute is seen 
to be distinctly triple, consisting of two darker portions connected by 
a shading (Plate L. B. fig. 3). 

Vanlair and Masius figured the band of stercobilin as extending 
as far as the 6 line, and we have little doubt that this observation of 
theirs was due to the fact that they were dealing with the modification 
under consideration. 

On the addition of ammonia a further difference from the typical 
pigment becomes apparent. Instead of assuming a canary yellow 
colour the liquid remains pink, and shows a dark absorption band, 
like that of the sodium or potassium compound. This observation 
serves to throw light upon the somewhat uncertain behaviour of 
urobilin solutions when they are rendered alkaline with ammonia. 
On the further addition of zinc chloride the fluorescence is much 
feebler than with typical specimens and appears to have a red rather 
than a yellow substratum. The absorption band has the ordinary 
characters. On acidifying an alkaline aqueous solution the E band 
does not appear, unless, as sometimes happens, reconversion into the 
ordinary pigment is brought about in the process. 

No definite directions can be given for the conversion of urobilin 
thus modified into the typical form. Sometimes when the specimen 
is quite freshly prepared mere addition of ammonia and reacidification 
with hydrochloric acid serves to bring about the change. With other 
specimens, with which this does not suffice, the conversion is produced 
by evaporation of a chloroform solution upon the water bath, and in 
some cases the change is very difficult to bring about. 
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In connexion with this subject some recent observations by Riva’ 
are of much interest. This observer has succeeded in separating from 
some specimens of urobilin, both urinary and fecal, a modification of 
the pigment which is characterised by yielding a red instead of a green 
fluorescence with zinc chloride and ammonia (such as MacMunn 
observed with urobilin freshly extracted from bile), and which when 
precipitated from an aqueous solution by these reagents is insoluble 
in neutral alcohol. This modification, like that above described, is | 
readily converted into the ordinary form. It is difficult to be sure 
whether this modification is the same as that which we have described 
above, which agrees with it in yielding with zine chloride and ammonia 
a precipitate insoluble in alcohol. It is obviously difficult to describe 
in words variations in the characters of fluorescence, and some doubt 
remains in our minds as to the exact interpretation to be put upon the 
epithets which Riva employs, such for example as a yellow-green, 
yellow-red, and yellow-red- “green fluorescence (giallo-verde, giallo-rossa, 
giallo-rossa-verde). 

We should add however that working with Riva’s method, viz. by 
shaking chloroform solutions with water and precipitating the washed- 
out pigment from the aqueous solution by the cautious addition of zinc 
chloride and ammonia, we have obtained such results as he describes, 
and we have certainly seen a double band near E to which he alludes 
in the liquid rendered turbid by precipitation by these reagents. 

Whether or no the modification above described should prove to be 
identical with Riva’s “rubrobilina,” we must assume that a pigment 
such as his which is so readily convertible into the ordinary form is, as 
he himself supposes, rather a modification of urobilin than a distinct 
substance. 


Spectroscopic characters of modified Urobilin. 


In acid alcoholic solution Band in 4 5170—A 5080 
dilute so » 6080—A 5010 Shaded portion 
» 56010—A 4770 


In ammoniacal solution \5170—A 4970 Dark portion 
4970—d 4770 Shaded portion| of band 


With zine chloride and 5190—A 4970 Dark portion 
ammonia 4690 Shaded portion} band 


1 « Urobilina o Urobiline.” Gazetta Medica di Torino, uxv. p. 741. 1894, 
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VI. Tre Urosrmin or BILE. 


It was shown, long ago, by Jaffé and by MacMunn! and the ob- 
servation has been repeatedly confirmed, that a form of urobilin can 
frequently be extracted from bile removed from the gall-bladder post 
mortem, it therefore seemed important to examine the product obtained 
from this source also. 

The method employed was as follows :— 

The bile removed from the gall-bladder at an autopsy was treated 
with rectified spirit. The deep brown alcoholic extract obtained was 
then largely diluted with water and after acidification with acetic acid 
a 10°/, solution of barium chloride was added, which precipitated the 
bile pigment. The filtrate from this precipitate had a yellow colour 
and showed a dark urobilin band. It was next saturated with am- 
monium sulphate and extracted with ether chloroform. On shaking 
this extract with water a yellow solution of urobilin was obtained, 
which was again saturated with ammonium sulphate and shaken with 
chloroform, which took up the pigment readily. The urobilin left the 
chloroform for a dilute solution of sodium hydrate, and on rendering 
the concentrated solution, thus obtained, slightly acid with hydrochloric 
acid, a slight reddish turbidity was produced, and the E band spectrum 
was seen with great distinctness when the turbid liquid was examined 
with the spectroscope. ; 

In addition to the strong evidence thus afforded of the identity of 
the urobilin obtained from bile with that derived from other sources, 
the solutions of the pigment so isolated exactly resembled in colour 
those of urinary and fecal urobilin. On the addition of ammonia a 
canary yellow colour was produced, and with zinc chloride and ammonia 
a green fluorescence was obtained, whilst the zinc solution, and solutions 
rendered alkaline with sodium hydrate, showed the usual band shifted 
towards the red. 

In the following table measurements of the various spectra of biliary 
urobilin are brought into direct comparison with those of urobilin 
obtained from normal and morbid urines and from feces respectively. 
The trifling differences observed in the measurements are in part 
attributable to differences of concentration, and in part to such causes 
as variations in the degrees of acidity and alkalinity of the specimens 
examined from which the measurements were made. 


1 Proc. Royal Soc. xxx. p. 29, 1880-1, and This Journal, x. p. 108. 1889. 
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Comparative Spectroscopic Readings from specimens of Urobilin from 


various sources. 


Spectra of Urobilin from Urobilin from Urobilin from Urobilin from 
Normal Urine Morbid Faces (typical) Bile. 
In alcoholic solution, | \5080—A4770 | | \5080—A4770 | \5080—24770 
acidified with hydro- dark shading | dark dark shading 
chloric to 44550 to 44550 to 44550 to 44550 
aleoholie solution, | \5200—4970 | \5200—d4990 | 15200—)4990 | 45190—24970 
with sodium shading to shading to shading to shading to 
hydrate 4790 4770 4770 4770 
With zine chloride | \5190—A4970 | \5170—24950 | A5170—A4950 | A5170—A4950 
and shading to shading to shading to to 
ammonia 4770 4770 4770 4770 
The band X5850—25220") 15850—25220 | \5850—A5220 | 45350—A5220 
spectrum 5060—24620 | \5080— 24550 | \5080—24550 | 15080—24550 


1 The solar & line = \5290. 


CONCLUSIONS. 


The conclusions to be drawn from the evidence brought forward 
in the present paper may be briefly summed up as follows :— 

1. With the exception of the method of Jaffé, which is difficult 
of application, the processes usually employed for the extraction of 
urobilin from urine are not calculated to yield a pure product. 

2. Urobilin obtained from various human sources, i.e. from normal 
and morbid urines, from feces and from gall removed from the gall- 
bladder post-mortem, is one and the same substance. Specimens from 
these several sources having, when pure, identical chemical and optical 
properties, and sharing in common the property of yielding the E band 
spectrum when partially precipitated from an aqueous alkaline solution 
by acidification. 

8. The differences which have been described as existing between 
the several products are in part due to the influence of impurities in 
the specimens examined, and in part to the varying amounts of urobilin 
present in the specimens. 

4. Urobilin is an unstable substance, and is liable to undergo 
certain modifications. These modified pigments have not the properties 
of the described pathological urobilins, and are capable of reconversion 
into the typical form. 
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PLATE I. 


A, 

Shows the effect of dilution upon the spectrum of urobilin in acidified 
alcoholic solutions. 

Fig. 1. The specimen had a brown-orange colour. 
. Diluted to 4 volumes (yellow). 
Diluted to 8 volumes (pale yellow). 
Diluted to 16 volumes (dull pink). 
Diluted to 32 volumes (very pale pink). 
Diluted to 64 volumes (hardly appreciably tinted). 


B. 


Fig. 1. The £ band spectrum, as yielded by the slightly turbid liquid 
having in suspension the precipitate formed by the acidification of a con- 
centrated, alkaline, aqueous solution of urobilin. | 

2. Spectrum of urobilin in acid ‘alcoholic solution. 

3. Spectrum of modified urobilin in acid alcoholic solution. 

4. Spectrum of urobilin in an alcoholic solution of sodium hydrate. 
5. Spectrum of urobilin with zinc chloride and ammonia. 

6. Spectrum of mercury-urobilin. 


[The expenses of this investigation were amongst those covered by grants 
from the Government Grants Committee of the Royal Society. | 
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ON THE INITIAL RATE OF OSMOSIS OF BLOOD- 
SERUM WITH REFERENCE TO THE COMPOSI- 
TION OF “PHYSIOLOGICAL SALINE SOLUTION” 
IN MAMMALS. By W. S. LAZARUS-BARLOW, MD. 
M.R.C.P., Demonstrator in Pathology, University of Cambridge. 


(From the Pathological Laboratory, Cambridge.) 


THE interest which attaches to the question of the initial rate of 
osmosis of blood-serum from the point of view of transfusion experi- 
ments in animals, of the therapeutic use of transfusion in man, of the 
theory of lymph-formation and of the theory of formation and of 
absorption of pathological exudations, ia intimately bound up with the 
determination of the strength of “normal” saline solution. At first 
containing ‘6 p.c. sodium chloride, afterwards increasing to ‘75 p.c. 
sodium chloride, within the past few years Hamburger has brought 
forward reasons for considering ‘92 p.c. sodium chloride to be “ normal ” 
for mammalian blood. This value Hamburger deduced from com- 
parisons of the freezing-points of blood-serum obtained from different 
animals and solutions of sodium chloride of different strengths. I have 
elsewhere shown that in the case of fluids of different composition 
identity of freezing-point gives no information concerning their rela- 
tive rates of osmotic flow at atmospheric pressure and therefore have 
concluded that all questions of what may be termed physiological 
osmosis must be determined directly until some method comparable 
but not identical with Hamburger’s blood-corpuscle method has been 
discovered. In the following pages are given the results of experiments 
made by the method described in full in another paper’. The only 
difference introduced was that in order to make the direction of osmotic 
flow more obvious the osmometers were larger and carried a membrane 
2 cm. in diameter. ‘The membrane used as in the earlier experiments 
was prepared peritoneal membrane of calf. Solutions of sodium 
chloride were made of percentages increasing in each case by ‘1 p.c. 


1 Lazarus-Barlow. This Journal, xrx. pp. 421 & fol. 1896. 
PH. XX. 10 
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sodium chloride from *7 p.c. to 2°5 p.c. These solutions kept in tightly 
stoppered bottles were placed for some hours in the incubating room at 
37° C. before filling the osmometers and the whole series of experiments 
was carried out at that temperature’. Four osmometers were used at 
one time and contained ¢g. ‘7 p.c., 8 p.c., 9 p.c. and 1 p.c. solutions of 
sodium chloride. They were placed on the stand in the usual way and 
lowered at the same time into the serum, the initial rate of osmosis of - 
which was being investigated. It was desired to find a solution of 
sodium chloride of such a strength that the initial rate of osmosis of the 
crystalloids in the serum was equal to the initial rate of osmosis of the 
sodium chloride on the other side of the membrane. It is obvious that 
if the initial rate of osmosis on the funnel side of the membrane be 
greater than that on the other side of the membrane (1. if the partial 
osmotic tension be on the side of the sodium chloride solution) the 
edge of the fluid in the thermometric stem of the osmometer will travel 
forwards and vice versa. By examining a number of solutions of 
gradually increasing percentages of sodium chloride a solution could be 
found of such a strength that when the osmometer was placed in the 
serum the edge of the fluid in the thermometric stem neither travelled 
forwards nor back. This strength of sodium chloride was obviously the 
one which had the same effective initial rate of osmosis as the serum. 
The word “ effective” has been used deliberately in the above sentence 
for a reason that will appear later. Three samples of ox-serum, two of 
horse-serum and two of sheep-serum were investigated. 

Owing to the comparatively large differences (‘1 p.c.) between the 
strengths of the various solutions of sodium chloride used, exact 
equilibrium was but rarely observed; as a rule during the first few 
minutes after immersing the osmometers, two showed that the fluid 
in the thermometric stem travelled forwards (i.e. that the sodium 
chloride solution in those osmometers was too strong), two that the fluid 
in the stem travelled back (te. that the sodium chloride solution was 
too weak). Since the flow forwards or backwards from zero in the 
thermometric tube rarely exceeded 1 mm. in 10 minutes when one was 
dealing with solutions immediately on either side of the strength which 
would have produced equilibrium, it was considered that no advantage 
would be derived from attempting to define the strength of the 


1 All vessels and water used for washing osmometers etc. were at the same temperature. 
Owing to the putrefactive changes that would have taken place in the serum if left for 


some hours at 87°C. it was heated to that temperature in a water-bath immediately before 
use. 
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balancing solution more accurately by using solutions which differed 
from one another by less than ‘1 p.c. sodium chloride. The freezing- 
points of the serum and of the sodium chloride solutions were taken in 
all cases and in most the tonicity of the serum was estimated by 
Hamburger’s method with blood-corpuscles. The serum was centri- 
fugalised before use ; it was not collected aseptically but was invariably 
used within 24 hours from the slaughtering of the animal. 

It is unnecessary to give the whole of the experiments performed as 
in many cases the first attempts showed that the strengths of sodium 
chloride solution used were all of them either too great or too small ; in 
the following tables are given only the results obtained with the four 
solutions which included the balancing one. A plus sign is prefixed 
where the edge of the fluid had travelled forwards, a minus sign where 
it had travelled back. 


Ox-Serum I. 


General characters: Red but not turbid with corpuscles, some of which 
look normal, some swollen, many crenate. Sp. gr. 1033. Freezing-point 
—*629°C. (Hamburger’s test unsatisfactory from colour of serum.) Strength 
of NaCl solution having freezing-point —-629° C. = approximately 1 p.c. 


Position of edge Position of edge Bee ag Position of edge 


of fluid in of fluid in of fluid of fluid in 

Osmometer I Osmometer IT Osmometer IV 
Time (1 p.c. NaCl) (2 p.c. NaCl) (2°25 p.c. Nal) (2°5 p.c. NaCl) 
0 h. 0 mm. 0 mm. 0 mm. 0 mm. 
10’ — 5 se | +1 + 3 
20’ —10 —2 +1 + 
30’ —15 — 3} +1 
40’ —19 —5 +1 +12 
50’ — 24 — 64 +1 +1 
Lh. — 28 +1 +15 
2h. + 16 


The balancing fluid therefore lay between 2 p.c. and 2°25 p.c. sodium — 
chloride, and much nearer the latter value than the former. The 
freezing-point of a 2°2 p.c. solution of NaCl is approximately — 1:32° C. 


Oz-Serum II. 


General characters: Clear, straw-coloured. Sp. gr. 1029. Freezing-point 
-‘549°C. Strength of NaCl sol. having freezing-point — -549°C. = approxi- 
mately ‘9p.c. Hamburger’s test: tonicity = 94 p.c. sodium chloride solu- 
tion. 
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Position of edge Position of edge Position of edge 
of fluid in 


of fluid in of fiuid in of fluid in 
Osmometer I Osmometer IT Osmometer ITI Osmometer IV 
Time (1°4 p.c. NaCl) NaCl) (1°6 p.c. NaCl) (1-7 p.c. NaCl) 
0h. 0 mm. 0 mm. 0 mm. 0 mm. 
10’ +1 +1} 
20’ - 4 —2 + 3 +2 
30’ - 7 — 3} 0 +1 
40’ -9 -4 +1 
50’ | 1 
1h, —1} + 


The balancing fluid therefore lay midway between 1°5 p.c. NaCl 
and 16 p.c. NaCl. The freezing-point of a 1°55 p.c. solution of NaCl is 
approximately — 0°93° C. 

Ox-Serum ITI. 

General characters: Clear, bright yellow. Sp. gr. 1031. Freezing-point 
—0°589°C, Strength of NaCl sol. having freezing-point —0-589° C. = approxi- 
mately ‘98 p.c. Hamburger’s test of tonicity not applied. 


Position of edge Position of edge Position ofedge Position of edge 
of fluid in of fluid in of fluid in of fiuid in 

Osmometer I Osmometer II Osmometer III Osmometer IV 

(1°7 p.c. NaCl) (1°8 p.c. NaCl) (1-9 p.c. NaCl) (2°0 p.c. NaCl) 


Time 

Oh 0 mm. 0 mm. 0 mm. 0 mm. 
10’ - 0 +2 
20’ 3 -1 -1 
30’ 4 -2 +6 
40’ 6 —4 -- 34 
50’ - 8 —6 —5 +5 

1 h. 10 —6 + 43 


The balancing fluid therefore was 1°9 p.c. NaCl. The freezing-point 
of a 19 p.c. solution of NaCl is approximately — 1°14° C. 


Horse-Serum I. 


General characters: Clear, amber coloured. Sp. gr. 1028. Freezing-point 
—0°544°C. Strength of NaCl sol. having freezing-point —0°544° C. = approxi- 
mately *91p.c. Hamburger’s test: tonicity = °89 p.c. sodium chloride solu- 
tion. 


Position of edge Position ofedge Position ofedge Position of edge 
of fluid in of fiuid in of fluid in of fluid in 
Osmometer I Osmometer II Osmometer III Osmometer IV 
(1°6 p.c, NaCl) (1°7 p.c. NaCl) (18 p.c, NaCl) (1°9 p.c. NaCl) 


Time 

| ee 0 mm. 0 mm. 0 mm. 0 mm. 
10’ —2 +1 +13 +2 

20’ -3 +2 +2 + 23 
30’ —4 +2 +2 +4 

40’ -5 +2 + 1} + 43 
50’ — 6 +2 +1 +4 


1h. —7 +1 0 + 33 
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The balancing fluid therefore lay between 1°6 p.c. NaCl and 1°7 pc. 
NaCl. The freezing-point of a 1°65p.c. solution of NaCl is ap- 
proximately — 0°99° C. 


Horse-Serum II, 


General characters: Clear, amber coloured fluid. Sp. gr. 1034. Freezing- 
point —0°589°C. Strength of NaCl solution having freezing-point —0°589°C. 
= approximately ‘98 p.c. Hamburger’s test gave tonicity as equal to 
1-02 p.c. NaCl. 


Position of edge Position ofedge Position ofedge Position of edge 
of fluid in of fluid in of fluid in of fluid in 
Osmometer I Osmometer II Osmometer III Osmometer IV 
Time (1-4 p.c. NaCl) (1°5 p.c. NaCl) (1°6 p.c. NaCl) (1°7 p.c. NaCl) 


0 h. 0 mm. 0 mm. 0 mm. 0 mm. 
by 5’ had risen 4 mm 

10’ 2 2 4 + 

20’ - 4 - 4 - 3 +10 

30’ - 8 - 7% - 3 +10 

40’ 12 ~ § + 94 
50’ —16 — 144 - 9 + 9 
lh. — 20 18 — 13 .- + 8 


The balancing fluid tharefere was a l‘6p.c. NaCl. The freezing- 
point of a 1°6 pc. solution of NaCl is approximately — 0°96° C. 


Sheep-Serum I. 


General characters: Slightly pink, opalescent fluid. Sp. gr. 1026-5. 
Freezing-point —0°584°C. Strength of NaCl solution having freezing-point 
—0°584° C. = approximately °98 p.c. 


Positions of Position of Position of Position of edge 
of fluid i of fluid in of fluid in 


Osmometer I Ouuuinaan Osmometer ITI Osmometer IV 
Time (1°6 p.c. NaCl) (1°7 p.c. Nac!) (1°8 p.c. NaCl) (1°9 p.c. NaCl) 
Oh. 0 mm. 0 mm. 0 mm. 0 mm. 
10’ 0 + 4 +1 +1 
20’ -— 4 +1 +2 + 
30’ | + +2 +3 
40’ -1} + +3 + 
50’ -2 0 +2 + 
1h. —3 - 4 + +3 


The balancing fluid therefore lay between 1°6 p.c. NaCl and 1°7 p.c. 
NaCl but nearer the former value: The freezing-point of a 1°65 a 
solution of NaCl = approximately — 099° C. 
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Sheep-Serum II. 

General characters: Slightly pink, opalescent fluid. Sp. gr. 1025-5. 
Freézing-point —0°679° 0. Strength of NaCl solution having freezing-point — 
—0°679°C. = approximately 1:13p.c. Hamburger’s test of tonicity not 
applied. 


Position of Position of Position of Position of edge 
of fluid of fluid of fluid of fluid in 


Osmometer I Osmometer II Osmometer III Osmometer IV 
Time (1°5 p.c. NaCl) (1°6 p.c. NaCl) (1°7 p.c. NaCl) (1°8 p.c. NaCl) 
0h. 0 mm. 0 mm. 0 mm. 0 mm. 
10’ - + +1 2 
20’ - - 4. + 23 
40’ —4 | m or quanti- 

The balancing fluid therefore lay between 1°5 p.c. and 1°6 p.c. NaCl. 


The freezing-point of a 1°55 p.c. solution of NaCl is approximately | 
— C. 


From the figures given it is clearly seen that the strength of that 
sodium chloride solution which at atmospheric pressure and at 37° C. is 
in osmotic equilibrium with mammalian serum (ox, horse, sheep) placed 
on the other side of the membrane, is far greater than the strength 
which even Hamburger regards as necessary to constitute normal 
saline solution. This is but another example of the fallacy introduced 
_ by the use of the freezing-point or of Hamburger’s method. No doubt 
it does not follow because for example the serum of a given sample 
of blood is in osmotic equilibrium with a 1°6 p.c. solution of sodium 
chloride, that in that case 1°6 p.c. sodium chloride is the “normal 
physiological saline solution”; the whole question depends upon 


1 Estimated by titration with decinormal silver nitrate, the fluid in this osmometer 
was found to contain 1°58 p.c. NaCl. Since between 20’ and 30’ the fluid passed from a 
‘*hypertonic”’ to a “hypotonic” solution from dialysis of a portion of its NaCl, quantita- 
tive estimation gave the strength of a closely approximate isotonic solution. This agrees 
well with the results given by Osmometers I and II and forms a good confirmatory test. 
The results were further controlled in one case (not detailed above but referred to below) 
by reversing the positions of serum and NaCl solutions. The balancing fluid was deter- 
mined first of all as above and then the serum was placed in the osmometer, different NaCl 
solutions outside. The result was in no way disturbed, excepting that with NaCl solutions 
of greater strength than that required to produce osmotic equilibrium, the direction of 
movement of the edge of the fluid was not reversed during the experiment as in the 
detailed experiments. This obviously depends upon the large volume of NaCl solution 
used, upon which dialysis from the serum in the osmometer could make hardly any im- 
pression. 
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whether the final osmotic pressure, the initial rate of osmosis, or indeed 
osmosis in any form is to be taken as the criterion in determining what 
is to be regarded as “normal” in that respect. In fact it is certain 
_ that besides any question of osmosis, the normal toxicity of sodium 
chloride as shown by the severe effects, quite independent of osmosis, 
which occur on injecting large quantities into the circulation, must not 
be lost sight of. Moreover the considerable degree of dilution which 
the serum can undergo in using Hamburger’s method, before hemo- 
globin leaves the corpuscles even if they have been derived from the 
same specimen of blood by centrifugalising, still further increases the 
probability that the relations of corpuscles and serum are not ex- 
clusively osmotic. For these reasons it does not seem advisable 
(except in those cases where the question of osmosis is being definitely 
investigated) to substitute either Hamburger’s or my values for 
‘75 p.c. NaCl in the composition of “normal physiological saline 
solution.” Whether some crystalloid other than NaCl and devoid of its 
toxic properties (e.g. glucose) could be advantageously used for ordinary 
purposes, transfusion, etc. in a degree of concentration required by 
initial rates of osmosis is a matter of great interest but does not 
concern us here. : 

Bearing in mind the difference in the amount of proteid in blood 
and in lymph it is in the next place worth noticing that the higher the 
specific gravity of the serum the more concentrated the sodium chloride 
solution needs to be which produces osmotic equilibrium. One must 
in this respect compare specimens of blood from the same species of 
animal only. The specimens of horse-serum do not show this point but 
those from oxen and sheep show it very well. Thus, ox-serum I which 
was red with suspended corpuscles had specific gravity 1033 and 
required a 22 p.c. solution of NaCl to produce osmotic equilibrium ; 
ox-serum III which had specific gravity 1031 required a 1°9 p.c. solution 
of NaCl; while ox-serum II whose specific gravity was 1029 required 
only a 1°55 p.c. solution of NaCl. Sheep-serum I with a specific gravity 
1026°5 required a 1°65 p.c. solution of NaCl to produce osmotic equili- 
brium ; sheep-serum II with a specific gravity 1025-5 required a 1°55 p.c. 
solution of NaCl. This effect of the proteid—for differences in specific 
gravity of specimens of serum from animals of the same species. may 
practically be taken to imply differences in the amounts of proteid 
rather than of inorganic constituents—has been shown in another way, 
Two experiments (one with sheep-scrum II and the other with a specimen 
of ox-serum not previously referred to) were made in the following way. 
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In the osmometer the sera and the strengths of NaCl solution with 
which they were severally in osmotic equilibrium (viz. 1°6 p.c. in the 
case of the sheep-serum, 1°7 p.c. in the case of the ox-serum) when 
placed on either side of the membrane, were separately investigated as 
to initial rates of osmosis with distilled water on the other side of the 
membrane. It was found that the initial rate of osmosis of the sheep- 
serum was represented by a flow of 65 mm. in the thermometric stem 
of the osmometer in one hour, whereas the initial rate of osmosis of 1°6 
p.c. NaCl solution under exactly similar circumstances was represented 
by a flow of 60 mm. in the hour. The initial rate of osmosis of the ox- 
serum was represented by a flow of 58 mm. in one hour, whereas the 
initial rate of osmosis of the 1°7 p.c. NaCl solution was represented by 
a flow of 67 mm. in one hour. These experiments were repeated many 
times, always with the same results, and show firstly that a specimen of 
serum has not the same initial rate of osmosis against water as has that 
strength of NaCl solution which is in osmotic equilibrium with the 
serum when they are directly placed on either side of a membrane, and 
secondly that the initial rate of osmosis of the serum against water may 
be either greater or less than the initial rate of osmosis of its balancing 
solution of NaCl against water. Now since reasons have been given 
elsewhere’ for concluding that the presence of proteid in a solution of a 
crystalloid does not impede dialysis to anything like the same extent as 
it does osmosis, we may fairly assume that (the same membrane being 
used throughout and all care being taken to make the experiments com- 
parable by washing the membrane, &c.) the differences in initial rates of 
osmosis against water do not depend upon differences in the amounts of 
dialysis through the membrane from the serum and from the sodium 
chloride solutions. We must therefore conclude that in the case of the 
sheep-serum part of the initial rate of osmosis of the serum failed to 
become effective so far as osmosis is concerned, otherwise the fluid would 
have flowed towards the serum when serum and 1°6 p.c. NaCl were 
placed on the two sides of the membrane, whereas as a matter of fact 
the converse took place for a short time, and in the case of the ox-serum 
part of the initial rate of osmosis of the 1°7 p.c. NaCl solution failed to 
become effective. Now if we consider the physical conditions present 
in the different experiments an explanation of these facts becomes 
possible. When we have serum on one side of the membrane and dis- 
tilled water on the other, every molecule of water which passes through 


' Lazarus-Barlow. This Journal, xix. pp. 162 & fol. 1895. 
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the membrane towards the serum tends to wash the membrane and 
prevent it from becoming clogged, but when we have serum on one side 
of the membrane and a solution of a crystalloid on the other, every 
molecule of water which passes from the serum through the membrane 
to the solution of the crystalloid tends to concentrate the serum, so far 
as proteid is concerned and probably also to approximate the proteid to 
the serum side of the membrane. It is reasonable to suppose therefore 
that the membrane becomes clogged with proteid and the results of 
that clogging will differ according to which side of the membrane we 
are considering. If we consider the serum side of the membrane, part 
of the initial rate of osmosis as estimated against water will be expended 
in dragging away the proteid from the membrane, and in that case we 
should have a result such as was seen in the case of the sheep-serum. 
If we consider the NaCl solution side of the membrane, every molecule 
of water tending to pass from the serum through the membrane to the 
NaCl solution will wedge more tightly the particles of proteid over the 
pores in the membrane. In fact the proteid on the serum side of the 
membrane will act somewhat after the fashion of a valve which can open 
in one direction only and that with some difficulty (towards the serum). 
If the initial rate of osmosis of the serum against water be greater than 
that of its balancing NaCl solution against water, that excess we may 
regard as being used up in opening the valve, if the initial rate of 
osmosis of the NaCl solution against water be greater than the initial 
rate of osmosis of the serum with which it is in osmotic equilibrium 
when the two are on either side of the same membrane, that excess we 
may regard as being used up because the valve by shutting more tightly 
practically leads to a thickening of the membrane and therefore to a 
smaller effective initial rate of osmosis of the NaCl solution. In either 
case therefore clogging of the membrane on the serum side is an adequate 
explanation of the facts observed’. For the same reason we can under- 
stand why the strength of NaCl solution necessary to produce osmotic 
equilibrium needs to be greater, the greater the amount of proteid in 
the solution. I have endeavoured to test this matter directly by using 
solutions containing the same amount of crystalloid but varying quantities 
of proteid. I do not lay too great stress on the experiment for reasons 


1 Clogging of the membrane probably occurs with watery solutions of crystalloids alone 
(no proteid being present); at all events that is the most reasonable explanation of the — 
fact that the initial rate of osmosis of any given solution (repeated many times with fresh 
quantities of the solution but with the same membrane) undergoes a gradual diminution. 
Cf. Lazarus-Barlow. This Journal, p. 148. 1895. 
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which will appear later though it confirms the view given above. The 
best way to obtain such solutions seemed to be by obtaining the blood- 
serum of an animal, immediately the veins were opened, and placing this 
on one side of the membrane, while on the other side of the membrane 
was placed serum obtained from the same animal at the latter end of 
hemorrhage. My object was aided by the fact that in the slaughtering 
of animals when the blood ceases to flow readily, rough massage is 
applied to the limbs and abdomen. This massage as is well known 
leads to a flow of lymph through the thoracic duct, and since the lymph 
differs from the blood but little so far as concerns inorganic constituents 
but greatly so far as concerns the amount of proteid it was reasonable to 
infer that the essential difference between the blood-serum taken at 
the commencement of hemorrhage and at the end of hemorrhage’ 
would be in the amount of proteid which should be less in the latter. 
Between the specific gravities of the two kinds of serum there was 
a difference of about a point. Taken by Roy’s method the serum 
taken at the commencement of hemorrhage was of a greater specific 
gravity than 1028, the specific gravity of the serum taken at the end of 
hemorrhage was of lower specific gravity than 1028. When the two 
kinds of serum were placed on either side of the membrane it was found 
that the serum of lower specific gravity diminished in quantity if it 
were placed in the osmometer and the other serum outside, whereas if 
the serum of higher specific gravity were placed in the osmometer, and 
that of lower specific gravity outside, the amount of fluid in the osmo- 
meter increased. The distance travelled in one hour was two millimeters, 
and for this reason as well as because it is impossible to be absolutely 
certain that the percentage crystalloid composition of the two samples 
of serum was the same and that the only difference between them con- 
sisted in the percentage of proteid too much weight must not be attached 
to the experiment. Nevertheless it is in complete accord with the 
results of the other experiments performed. The smallness of movement 
of the fluid in one hour leaves room for error, but the fact that reversing 
the positions of the fluids did not modify the result, diminishes the 
probability that the observed flow was the result of such error. 

Now these considerations have important bearings. In the first 
place, since essentially the differences in specific gravity between blood, 
blood-serum and lymph depend upon the differences in proteid content 


1 Four minutes intervened between the termination of collection of the first specimen 


of blood and the commencement of collecting the last specimen of blood ; during the whole 
time the animal was bleeding profusely from the severed jugular. 
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of each fluid, it is reasonable to expect that the strength of NaCl solu- 
tion which would be in osmotic equilibrium with lymph on the other 
side of the membrane would be too small if blood-serum or blood were 
on the other side of the membrane. In other words, the strength of 
NaCl solution which shall be in osmotic equilibrium with a given 
albuminous fluid on the other side of the membrane is largely 
determined by the amount of proteid in that albuminous fluid [f, 
for example, NaCl solution is to be injected into the blood, the small 
amount of proteid in the lymph on the other side of the membrane 
through which osmosis is to take place—assuming that it occurs in the 
animal body—requires that the strength of NaCl solution which shall 
leave osmotic equilibrium undisturbed, shall be less than it would be if 
NaCl solution were to be introduced into a serous cavity such as pleura 
or peritoneal cavity, when the fluid on the other side of the membrane 
would be the highly albuminous blood. The practical outcome of these 
considerations is that it is extremely probable that the “hypertonic” 
solutions used by Starling and Leathes' and Orlow’ in their several 
experiments upon absorption, since in no case did they exceed 2 p.c. 
sodium chloride, were not “hypertonic” at all under the conditions 
in which they were used, but on the other hand “ hypotonic” in the 
sense that upon an artificial scheme with blood on the other side of the 
membrane, at atmospheric pressure and at 37°C. the salt solution would 
from the first have become diminished in quantity and the blood would 
have gained in quantity. 

In the second place, since the strength of sodium chloride solution 
which is in osmotic equilibrium with either of two given albuminous 
solutions which only differ in their proteid percentage composition 
varies directly with that proteid composition and therefore, since of 
such solutions the one containing the smaller amount of proteid is 
absorbed by the one containing the greater amount of proteid, it 
becomes extremely difficult to understand how osmosis can play any 
part whatever in normal lymph formation. The artificial scheme would 
seem to indicate that the only effect of osmosis in such a case would be 
to lead in time to the absorption of every particle of fluid which is 
outside the blood vessels. 

But one of the most interesting facts shown by the detailed ex- 
periments given above is that even in the case of solutions of sodium 
chloride more concentrated than is necessary to produce osmotic equi- 


1 Starling and Leathes. This Journal, xvm. p. 106. 1895. 
2 Orlow. Pfliiger’s Arch. p. 170. 
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librium directly the osmometers are immersed in the serum, a time 
nevertheless arrives when the osmotic flow instead of taking place 
towards the sodium chloride solution, becomes stationary and then 
gradually turns in the opposite direction towards the serum. The 
time at which this occurs varies, and is earlier the less concentrated 
the sodium chloride solution. Thus in ox-serum II the fluid in 
Osmometer III which travelled towards the salt solution during the 
first period of ten minutes after immersion in the serum, travelled 
towards the serum in the second period of ten minutes, while the - 
fluid in Osmometer IV where the sodium chloride solution was more 
concentrated did not turn back towards the serum until the third 
period of ten minutes. It seems that we have here an exemplification 
of the fact already noticed elsewhere’, that the presence of proteid in 
the solution does not impede dialysis to anything like the same extent 
that it impedes osmosis, though it is possible since the more concentrated 
solution is non-albuminous that the proteid present in the whole system 
does not enter into the question at all. Under either set of circum- 
stances the percentage of NaCl in the NaCl solution being greater 
than the percentage in the serum, NaCl dialyses into the serum, reduces 
the tension of the sodium chloride in the NaCl solution, down to and 
below the amount necessary to produce osmotic equilibrium under the 
altered conditions of a higher osmotic tension of the serum and a 
diminished osmotic tension of the NaCl solution, and thus occasions 
the terminal flow of the fluid in the osmometer into the serum, 
though originally the edge of the fluid moved in the opposite direction. 
This process is the same as Starling and Leathes* have already 
suggested as a possible explanation for the absorption of “hypertonic” 
solutions in the animal body. If osmosis and dialysis occur therefore 
in the animal body there is no reason why “hypertonic” solutions of 
sodium chloride should not be absorbed as well, though not with the 
same rapidity, as “isotonic” and “hypotonic” solutions, seeing that at 
the moment when osmotic equilibrium occurs under all circumstances 
the percentage of NaCl in the blood is less than the percentage of 
NaCl in the sodium chloride solution on the other side of the blood 
vessel walls. This is obviously a different explanation to that of 
Starling, who considers the absorption of hypertonic solutions to 
depend upon the non-diffusibility of albumen and its possession of a 


1 Loc. cit. 
* Starling and Leathes. Loc, cit. p. 114, 
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definite though small osmotic pressure. Concerning the latter it would 
seem that the impossibility of obtaining proteid perfectly free from 
crystalloids renders either the proof or the disproof of the possession 
by proteid of an inherent osmotic force equally difficult, if not im- 
possible. 

CONCLUSIONS. 


The following conclusions may be drawn from the preceding ex- 
periments. 

1. At a temperature of 37°C. the blood serum of the ox, horse and 
sheep is speaking generally in osmotic equilibrium with a 1°6 p.c. solution 
of sodium chloride placed on the other side of the membrane. This is 
approximately the same as saying that the initial rate of osmosis of the 
blood serum of those animals is equal to the initial rate of osmosis of 
a 1°6 p.c. solution of sodium chloride, though the latter statement is not 
absolutely correct. 

2. Cateris paribus, the greater the amount of proteid which a 
specimen of serum contains, the more concentrated must be the 
solution of sodium chloride on the other side of the membrane 
necessary to produce osmotic equilibrium. 

3. Owing to dialysis a solution of sodium chloride which at first 
increased in quantity at the expense of the serum on the other side of 
the membrane, may later become absorbed by the serum. 
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EFFECT OF DRUGS ON THE SECRETION FROM 
THE TRACHEAL MUCOUS MEMBRANE. By JAMES 
CALVERT, B.A., B.Sc., M.D. Lond., F.R.C.P. 


Wir the exception of Rossbach’s work our knowledge of the effect 
of drugs on tracheal secretion is, so far as I am aware, based upon 
empiricism. Rossbach in 1882' made some experiments on cats in 
order to actually test the effect of certain drugs—his method was 
briefly as follows:—He cut down upon the trachea in the middle line, 
opened it by means of the galvano-cautery, and held it widely open so 
as to secure a good view of its mucous membrane. He dried the 
surface of the mucous membrane with blotting-paper and observed how 
long a time elapsed before it was again covered with secretion ; then 
he injected solutions of certain drugs into the circulation by means of a 
vein in the leg and observed whether the dried mucous membrane 
became again covered in a longer or shorter time than before— 
assuming, very properly, that whatever result he obtained in the 
trachea would be the expression of a similar result in the bronchial 
tubes. 

Rossbach’s experiments led him to believe that alkalies di- 
minished tracheal—and therefore bronchial—secretion, a conclusion, 
as Dr Lauder Brunton* remarks, entirely opposed to all clinical 
experience. 

It was this conflict between experiment and clinical experience 
which drew my attention to the subject, and I have repeated some of 
Rossbach’s experiments and done others on similar lines. 

My method has been practically the same as that of Rossbach but 
with this difference that he seems to have used no anzsthetics—a 
circumstance of some importance seeing that any struggling of the 
animal would surely affect the amount of secretion from the trachea. 

The anzsthetics I used are given in the details of each experiment 
—at first I put the cats under with chloroform and kept them under 


1 Berl. klin. Wochenschrift 1882. 
2 Brunton. Pharmacology and Therapeutics, 1891, p. 252. 
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with chloral, but afterwards I found it a great improvement to use, on 
Dr Tunnicliffe’s suggestion, urethane; a drug which does not affect 
the heart and circulation’. 

The animal, being anesthetized, was secured on Czermak’s board, 
the trachea was exposed in the middle line for about 1 inch to 14 inches 
from the larynx downwards, and when bleeding—if any—was arrested 
- the trachea was opened and a quarter of its circumference removed 
from about 1 inch of its length. At first this removal was effected by 
a blunt pair of scissors, but the cut edges are apt to ooze and to bleed, 
so that afterwards I used, as Rossbach used, the galvano-cautery. By 
means of blocks placed under the neck the part of the trachea exposed 
for observation was made just a little higher than the rest of it so that 
secretion might not flow, merely by gravitation, over the mucons 
membrane from the larynx on the one hand or on the other hand from 
the bronchial tubes. The surrounding tissues were held off the edges 
of the opening by hooks so that no fluid could pass from them into the 
trachea. An interval of time was always allowed to pass in order to 
allow the exposed mucous membrane to become accustomed to the new 
conditions and during this interval a venous cannula was placed in a 
vein of the leg. Finally the mucous membrane was always dried a few 
times with white blotting-paper so that any alteration in secretion 
which might be due to the process should take place before the 
experiment began. 

The following points apply to the experiments given : 

(a) The mucous membrane was carefully dried with white blotting- 
paper and the interval of time noted before the surface again became 
covered with’ secretion. (In the protocols of the experiments this 
interval of time is spoken of as the “interval of secretion.” For 
example in Exp, 1, ‘12.23 interval of secretion 5 minutes” indicates 
that the mucous membrane was dried at 12.23 and was covered with 
secretion at 12.28.) | 
.. This process was repeated 3 or 4 times. 

(6) Then the drug, in as little fluid as possible, was slowly injected 
into a vein of the leg and the interval of secretion again observed. 

Evidently as little fluid as possible should be injected because any 
considerable quantity of fluid will itself cause increased secretion—and 
of course it was injected at about the temperature of the animal's body. 
Moreover the injection must be made slowly and very carefully lest it 
disturb the animal and thus alter the conditions existing. 


1 Cf. Brunton, op. cit. p. 1098. 
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Each drag was tested at least three times in order to eliminate 
an accidental result. 


Sodium Carbonate. 


Rossbach found that if he injected into a vein of a leg 2 grms. of 
sodium carbonate and then dried the mucous membrane, the secretion 
became so slight that the surface did not become covered again; and 
after a second drying no secretion at all followed, the mucous mem- 
brane remaining perfectly dry. My results will be seen from the 
following experiment. 


Exp. I. 10.30 a.m. Cat put under chloroform. 10.45 One gramme of 
chloral hydrate by rectum. 11.30 Opened trachea with blunt scissors. 

12.23 Interval of secretion 5 minutes. . 
12.35 5 
12.50 Injected 2 grms. of sodium carbonate in 10 c.c. of distilled water. 
12.58 Interval of secretion 6 minutes. 

1.5 9 ” 5 ” 

1.11 Whilst drying, the edge of opening was rubbed and began to bleed 

a little. 
1.21 All bleeding stopped. 
1.21 Interval of secretion 5 minutes. 


1 2 7 ” ” 4 ” 
132, 
1 37 4 ” 


Therefore the injection did not arrest nor diminish, but on the 
contrary increased the secretion. 

Two other experiments under the same conditions yielded a similar 
result. 

Control. Injected 10 c.c. distilled water alone without altering the 
interval of secretion. | 


Exp. IT. 9.45a.m. Urethane in milk, 1°3 grammes. 10.30 Urethane 
hypod, inject. 2°6 grammes. 11.5 Urethane hypod. inject. 2°6 grammes. 
11.55 Trachea opened by galvano-cautery. 12.18 Injected ‘65 grammes 
urethane into vein of leg—cat was coming round. 

12.35 to 1 p.m. Established interval of secretion to be 4 minutes. 

1.0 Injected 2 grammes sodium carbonate in 10 c.c. of distilled water. 
1.17 Interval of secretion 3 minutes. 

1,24 3 
1.28 ” ” 3 ” 
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Therefore the sodium carbonate increased the secretion. 
Another experiment under urethane gave a similar result. 


Exp. III. Morphine is known to check secretion from the respiratory 
mucous membrane—3 c.c. of the injectio-morphinae hypod. (B. P.) were given 
every 20 mins. to a rabbit until anzesthesia was produced. The interval of 
secretion was found to be 7 mins. Then 2 grammes of sodium carbonate in 
10 c.c. of distilled water were injected into vein and the interval of secretion 
became 5 min. Therefore the sodium carbonate increased the secretion. 


The conclusion to be drawn from these experiments—that alkalies 
increase secretion—is diametrically opposed to that of Rossbach; nor 
can the difference be explained by the fact that anesthetics were used, 
because the animal, so far as the angsthetic was concerned, was in the 
same condition before and after the sodium carbonate was injected, and 
moreover there was no arrest of secretion after the injection’ of the 
alkali, even in the presence of an anesthetic which itself tends in that 
direction. 

No appreciable alteration in the mucous membrane could be 
observed during the experiments, therefore the result was probably not 
dependent on any increase of the blood supply. 


Potassium Iodide. 


Exp. 1V. 10.30 a.m. Cat put under chloroform. 10.40 One gramme 
of chloral hydrate by rectum. 11.20 Trachea opened with blunt scissors— 
followed by slight but troublesome bleeding. 12.0 -65 grammes of chloral 
hydrate by rectum. 

12.23 Interval of secretion 5 minutes. ' 

12.29 

12.36 ” ” 5 ” 

12.43 Injected :2 grammes of potassium iodide in 5 c.c. of distilled water 

into vein of leg. 

12.46 Interval of secretion 6 minutes. 

12.53 5 

12.59 3 

1.4 ” ” 3 ” 
1.8 Injected ‘2 grammes of potassium iodide in 5 c.c. of distilled water. 
1.10 ‘Interval of secretion 5 minutes. 


1.16 ” 3 
1.20 3 ” 
1.31 ” 3 ” 


PH. XX. 11 
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Therefore the potassium iodide increased the secretion. 

The lengthening of the interval immediately after each injection was 
no doubt due to the depression of the heart which each injection caused. 

Another experiment under similar conditions changed the interval 
of secretion from 7 minutes to 4 minutes. 

Exe. V. 12.10 a.m. Urethane by hypod. inject. 4-5 grammes. 1.0 Ure- 


thane by hypod. inject. 3 grammes. 1.35 Urethane into vein of leg ‘65 
grammes, 1.45 Urethane into vein of leg ‘65 grammes. 2.0 Trachea 


opened by galvano-cautery. 
2.20 Interval of secretion 7 minutes. 
2.28 
+ 2.37 7 
2.46 Injected -2 of iodide in 5 c.c. of distilled water 
into vein of leg. , 

2.48 Interval of secretion 6 minutes. 

2.55 

3.1 ” ” 4 ” 

3.6 ” ” 4 ” 


Therefore the potassium iodide increased the secretion, and as no 
appreciable alteration of the mucous membrane could be made out, the 
result is probably independent of any increase in the blood supply. 


Ipecacuanha. 

Exp. VI. 1.15 p.m. Cat put under chloroform. 1.20 ‘65 grammes 
chloral hydrate into rectum. 2.0 Trachea opened. 2.5 ‘65 grammes 
chloral hydrate into rectum. 

. The trachea secreted very little indeed, and at 
2.45 Mucous membrane dried. 
3.10 Mucous membrane still dry and glazed in appearance. Injected 
‘004 grammes of emetine into vein of leg. 

3.15 Mucous membrane moist and no longer glazed. 

3.17 Injected 004 grammes of emetine. 

3.22 Mucous membrane covered. 

3.28 Injected 004 grammes of emetine. 

3.33 Much secretion. 


_ The secretion produced by the drug was very well marked. 

The result was the most swift and the most striking one I have 
obtained with any of the drugs I have tried, and it appeared to be 
independent of the blood supply because the mucous membrane did not 
become appreciably redder during the experiment. 

Two subsequent experiments under urethane confirmed the result. 
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Saponmin (identical with senegin, the active principle of senega). 
Exp. VII. 10am. 2 grammes urethane in milk by the mouth. 11.0 


1-3 grammes urethane hypod. inject. 12.15 2 grammes urethane hypod. 
inject. 2.0 ‘65 grammes urethane by vein of leg. 2.20 Trachea opened 


by galvano-cautery. 
2.49 Interval of secretion 5 minutes. 
3.8 4 


3.12 Injected ‘03 grammes of pitiectin in 3-5c.c. of distilled water into 
vein of leg—it depressed the heart and lengthened the interval to 
6 mins. 

3.32 Injected -03 grammes of saponin as before—it igang the heart 

: still more and lengthened the interval to 8 mins. 


Similar results were obtained from similar doses in two other 
experiments. 


Exp. VIII. 12.15 a.m. Injected 4 grammes of urethane subcutaneously, 
1.30 Injected 2 grammes of urethane subcutaneously. 3.0 Opened trachea 


by galvano-cautery. 
3.44 Interval of secretion 2 minutes. 
3.47 
3.52 ” ” - 2 ” 
3.55 2 


The day was hot and the truchea secreted very freely. 
4.0 Injected 01 grammes of saponin in 3°5 c.c. of distilled water into 


vein of leg. 
4.1 Interval of secretion 2 minutes, 
4.7 ” ” ” 


4.8 Injected grammes of saponin as before. 
4.10 Interval of secretion 4 minutes. 
4.16 te 4 
4.23 
4.29 Injected 01 grammes of saponin as before. 
4.30 Interval of secretion 4 minutes. 


4.35 ” ” 4 ” 

4.40 

4.46 5 

(4.52 Injected 15 of in 7 c.c, of water—it killed the 
cat by arresting the heart.) 


A similar experiment with similar doses gave a similar result. 
ll—2 
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Three doses of 005 grammes of saponin in 3-5 c.c. of distilled water were 
given at intervals of 15 minutes—the interval of secretion was not altered. 

Then to see if a still smaller dose would increase secretion, 3 doses of 
‘003 grammes were given, in two further experiments, at intervals of 15 mins. 
—but without any result. 


Thus in small doses.saponin does not appear to increase secretion, 
whilst in larger doses it diminishes secretion—in all probability de- 
pressing the heart. 


Cold and Heat (under urethane). 

An ice bag was placed on the abdomen, from which the fur had 
been removed, new vessels appeared on the tracheal mucous membrane, 
and those already visible became fuller and the secretion was increased. 

Very hot poultices or hot fomentations were placed on the 
abdomen—the vessels of tracheal mucous membrane diminished in size 
and the secretion was diminished. 

But neither with cold nor with heat was the effect so very marked 


as in Rossbach’s experiments. 


SUMMARY. 


1. Alkalies increase secretion. 

2. Potassium iodide increases secretion. 

3. Emetine markedly increases secretion. 

4. Saponin in small doses does not increase secretion, in large doses 
it diminishes secretion. 

5. Cold applied to abdomen increases secretion. 

6. Heat applied to abdomen diminishes secretion. 
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EXPERIMENTS ON THE HEARTS OF MAMMALIAN 
AND CHICK-EMBRYOS, WITH SPECIAL REFER- 
ENCE TO ACTION OF ELECTRIC CURRENTS. 
By J. W. PICKERING, DSc. (Lond.), George Henry Lewes 
Student. 


(In part from the Physiological Laboratory of King’s 
College, London.) 


In a series of papers' published during the last few years I have 
recorded the action of thermal and chemical stimuli on the hearts of 
chick-embryos. In this communication I record a number of observa- 
tions on the hearts of mammalian embryos, the mammals used being 
rats, dogs and rabbits. In all cases where the mother lived during the 
experiment, a mixture of ether and chloroform was the anesthetic used, 
while in the larger number of excision experiments the mother was 
anesthetised by ether. 

The object as in my previous work was to study the action of 
various media and stimuli on the heart prior to the development of 
its intrinsic nervous “mechanism”, and that associated with heat- 
regulation ; and further to ascertain whether the hearts of mammalian 
embryos, behaved in a similar or dissimilar manner, to the adult heart 
under the influence of certain stimuli, and what were the differences if 
any, between the physiological reactions of the embryonic and adult 
heart. 

More than one-half of the work recorded here deals with the 
results produced by the action of constant and interrupted electric 
currents, of various intensities, on the hearts of mammalian and chick- 
embryos. Deductions from these observations will be found to bear on 
the current theories that have been advanced concerning the phenomena 
of cardiac inhibition. 


1 Pickering. Proc, Roy. Soc. un. p. 461; This Journal, x1v. p. 383. 1893; Trans. 
Odont. Soc. xx. p. 42. 1893; This Journal, xvm. p. 395. 1894; Ibid. xvm1. p. 470. 1895. 
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Previous work. 


Prior to the researches of Bischoff’ it was considered doubtful 
whether the hearts of earlier mammalian embryos pulsated. This was 
due, as pointed out by W. Preyer’, to the fact, that exposure to 
the temperature of the surrounding atmosphere rapidly slows their 
cardiac rhythm to stoppage. The latter observer made six experiments 
on early guinea-pig embryos, at a time just before the development 
of their teeth, and found that their cardiac rhythm when stopped 
by exposure, could usually be restored by subsequent heating of 
the embryos. He also showed that a weak interrupted electric 
current accelerated their cardiac rhythm, while stronger currents 
produced a condition which he terms tetanus. He also states that 
a constant electric current has no action on the hearts of mammalian 
embryos, but that it causes an acceleration of the heart rhythm of 
chick-embryos. I am unaware of any observations on the action of 
chemical stimuli on mammalian hearts. The previous work on chick- 
embryos has been fully dealt with in my papers cited above. 

My paper can be conveniently divided as under :— 


PART I. 
On Empryos Genera. 
(1) Methods of observation. 
(2) The sustaining power of various proteid solutions. (Tables 1 to 4.) 
(8) The action of normal saline. (Table 5.) 
(4) The action of Grimaux’s synthesised proteid-like colloids. (Tables 6, 7 & 8.) 
(5) The action of saline solutions, (Tables 9, 10 and 10a.) 
(6) The influence of ordinary and pure distilled water. (Tables 11 and 12.) 
(7) On oligodynamic action. 
(8) The influence of traces of various colloids, and other organic bodies on oligo- 
dynamic action. (Table 13.) 
(9) The comparative action of isotonic and other solutions. (Tables 14 and 15.) 
(10) The action of various drugs g—caffein, veratrin, nicotin, digitalin, 
strophanthin, antiarin, morphine acetate, muscarin nitrate, atropin sulphate, 
chloroform and ether. 


PART II. 
OssERVATIONS ON THE Empryontc Heart. 


(1) The action of interrupted currents on chick-embryos. (Tables 16 to 21.) 

(2) The action of various drugs on the subsequent action of interrupted currents 
on chick-embryos. (Tables 22 to 82.) 

(3) The action of oxygen and carbonic dioxide on the subsequent action of inter- 
rupted currents on chick-embryos, (Tables 33 to 36.) 


1 Bischoff. Entwicklung des Kaninchen-Eies, 1842. pp. 120—123. 
* Preyer. Specielle Physiologie des Embryo, 1885. p. 80. 
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(4) The significance of the preceding experiments. 

(5) The influence of constant currents on chick-embryos. 

(6) The action of constant currents on the subsequent action of interrupted cur- 
rents on the hearts of chick-embryos. (Tables 37 to 48.) 

(7) The action of single and a series of induction shocks on the hearts of chick- 
embryos. (Tables 49 to 52.) 


(8) The action of single and a series of induction shocks on the subsequent action 
of interrupted currents on chick-embryos. 


(9) The action of single induction shocks, constant currents and interrupted electric 
currents on the hearts of mammalian embryos. (Table 53.) 


PART III. 
General conclusions. 


PART L. 
On MAMMALIAN Empryos IN GENERAL. 


(1) Methods of Observation. 


(a) Mammalian Embryos. At first I attempted to observe the 
embryos in situ in the uterus operating on the animals.so as to expose 
them. 

The animal, except its head, was covered by a wooden box; the 
space between the animal and the box was packed with silicate of 
“cotton”. A small window, covered with glass, allowed the observa- 
tions to be made. Some of the experiments performed in this man- 
ner are recorded in Section 10, Part L., others in Section 9, Part IT. 

Notwithstanding these precautions it was found very difficult to main- 
tain the exposed surfaces at a constant temperature ; and the embryos’ 
rhythm consequently became irregular. Further, the anesthetic given 
to the mother would probably affect the embryos by diffusion through 
the fcetal circulation, and thus vitiate the results. Subsequently, I 
entirely removed the embryos from the mother, leaving them attached 
to a small portion of the walls of the excised uterus. Care was taken 
to ligature all the larger blood vessels. The embryos were then placed 
in a shallow porcelain dish containing a mixture of equal volumes of 
defibrinated blood of the mother and a solution of *75°/, sodium chloride, 
warmed to the required temperature. The whole was placed in an 
observing incubator similar to that figured and described in my 
previous papers; five of the sides of which were made of a water- 
jacket coated with silicate of cotton, while the top consisted of a glass 
roof. The temperature of the interior of the incubator was kept 
constant, or varied at pleasure, by a small gas flame controlled by a 
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regulator. A pair of silver electrodes were so fixed that when desired 
they could be brought into contact with the surface of the embryo. 

When the excised mammalian embryos are first placed in the 
incubator, their cardiac rhythm is irregular, but after remaining in a 
uniform temperature for a period varying from 15 to 30 minutes, the 
rhythm becomes constant, and if the conditions of the experiment 
remain unchanged, can be maintained unvaried for several hours, In 
the younger mammalian embryos it has been found that the rhythm is 
better maintained by surrounding them with a mixture of defibrinated 
blood or of serum, and °75°/, sodium chloride, than by a solution of 
‘75°/, NaCl alone. It is, however, important as will be shown in a 
subsequent section, that the blood of an animal of the same species 
be used. 

(8) Chick-Embryos. In the experiment performed upon chick- 
embryos recorded in Part II, the methods adopted were those already 
described in my previous papers on the embryonic heart. 

(y) Solutions Used. Except where otherwise stated, all substances 
used were dissolved in *75°/, NaCl, and were administered at the tem- 
perature of the embryus. The doses are expressed in milligrams per 
cubic centimetre of the fluid given. 


(2) Action of Various Proteid Solutions. 


The first table records the cardiac frequency in beats per minute of 
twelve excised rat embryos kept at a constant temperature of 38° C. 
The embryos were bathed in a mixture of equal volumes of defibri- 
nated rat’s blood and °75°/, of sodium chloride. Those taken from the 
same mother are denoted by the same letter. 


l. 
Maximum and variation 
Number Age Cardiac of cardiac freq 
of the embryo. in days. frequency. during 180 mins. 

la 17 22 0 
2a 17 26 +1 
3a 17 30 -1 
4a 17 21 0 
5b 18 20 1 
6b 18 19 +2 
7b 18 21 0 
8c 19 20 0 
9c 19 22 +1 

10c 19 24 0 
lld 21 26 —2 
0 
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From the above table it will be evident that although each in- 
dividual embryo has, when kept under unvaried conditions, a practically 
constant cardiac rhythm, yet embryos of the same age taken from the 
same mother have different cardiac frequencies. 

These results are similar to those I have recorded’ as characteristic 
of the hearts of chick-embryos and of those of daphniz. I have always 
observed the cardiac contraction to be in the form of peristaltic wave, 
and not sometimes simultaneous as stated by Preyer*; my observations 
being in accord with those of Fano and Badano® on embryo-chicks. 

If a mammalian embryo be allowed to cool, its ventricle ceases 
beating before the auricle; on raising the temperature the auricle re- 
commences to beat before the ventricle. Mechanical stimulation of the 
quiescent ventricle leads to a contraction commencing from the auricle. 

The second series of experiments shows the results of bathing 
excised early rat embryos in a mixture.of defibrinated dog’s blood 
and *75°/, NaCl. 


TaBLe 2. 
Temperature of embryos 38°C. 
A cardiac 
No. of when othe in when bathed in Remarks on rhythm. aaa 
embryo. mother’s blood. dog's blood. in days. 
13e 22 29 Varies between 20 & 36, 15 
very weak and irregular. 
l4e 17 18 Much weaker than normal. 15 
15e 20 26 Ditto. 
l6e 24 27 Varies between 18 & 36, 15 
_ fluttering and irregular. 
17f 20 16 Has long diastole & bouts 
api irreg. beating. 
 18f 22 20 | 16 
19g 17 14 14 
20g 20 24 Varies between 18 & 28, 14 
rhythm weak and irreg., 


sometimes reversed. 


An interval of 15 minutes was allowed after changing the fluid 
surrounding the embryos before the observations were recorded. Con- 
trol experiments in which the surrounding fluid was drawn off and 
immediately restored, showed that the irregularities of cardiac rhythm 
resulting from the transfer only lasted 1 or 2 minutes. Care was 


1 Op. cit. and This Journal, xvu. p. 356. 1894. 
* Loc. cit, 3 Archives Italiennes de Biologie, x11. p. 387. 1890, 
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taken that the new liquid administered was at the same temperature 
as the embryo. 

Later embryos are not influenced in so marked a degree by a 
change of the blood used as their bathing fluid. This is probably due 
to the fact that they contain in their own circulation sufficient blood 
for their immediate metabolism. 

I have, however, found that a mixture of equal volumes of egg- 
albumen and °75°/, NaCl has not such an inimical action on the 
hearts of excised rat-embryos as the blood of ‘another species, as is 
shown by the mete table :— 


Taste 3. 
Temperature of embryos 38° C. 


embryo cy when when ba 
No, of in days in in egg Remarks on rhythm. 
embryo. about. mother’s blood. al 
21 14 22 23 to 24 Slight irregularities. 
22h 14 20 18 to 20 Ditto. 
23h 16 18 18 to 20 No change of charac- 
teristics observed. 
24h 16 21 19 to 26 Rhythm weaker. 
25h 16 20 20 to 21 1 slight irregulari- 
26i 15 18 18 to 22 Ditts 


The life of early rat-embryos will even be sustained for a considerable 
time by a mixture of egg-albumen and °75°/, NaCl in equal parts. 
The experiments recorded in the next five tables lasted three days, 
during which period in some cases the cardiac rhythm of the embryos 
was found to be well sustained, but the growth of them was apparently 
retarded. In each case the uterine wall to which the embryo was 
attached was reduced to a minimum and the embryos were washed 
in warm normal saline (at 38°C.) to remove as much blood as possible. © 
The temperature during the whole period of the experiments only 
varied between 37°5° C. to 38°8°C. A maximum and minimum thermo- 
meter was placed inside the incubator to indicate any variations. 

The record in table four summarizes the results obtained with five 
rat-embryos kept in the above-mentioned mixture of egg-albumen and 
‘75°/, NaCl for three days. The observations were taken three times 
each day at intervals of three hours, and the maximum and minimum 
of cardiac frequency observed on each day is recorded. 
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TABLE 4. 
Age at Cardiac Cardiac Cardiac 
No. of commence- 20 mins. a frequency freq frequency 


uency 
embryo. mentofexp. immersion. after 1 day. after 2 days. after 3 days. 


24h 6days 19 to 26 17 to 20 16 to 18 14 to 18 
%h 16 ,, 20 to 21 20 to 22 18 to 20 18 to 20 
%i 15 ,, 18 to 22 16 to 22 16 to 20 14 to 16 
7i 615, 16 to 18 12 to 14 12 to 14 8 to 10 
28i 15 ,, 13 to 15 13 to 15 10 to 1 12 to 14 


(3) Action of Normal Saline. 


In the next table the results obtained with five other rat-embryos 
of similar ages, kept under similar conditions except that the embryos 
were bathed in ‘75°/, sodium chloride without the addition of any 
proteid or other matter. The maximum and minimum frequency is 


recorded each day. 


TABLE 5. 
freq Po frequency 
at 
No. of po hong 20 mins, after 1 day after 2 days after 
of exp. immersion. i 
28’ i 15 days 17 to 20 8 to 10 2 to 4 
1 16 to 18 13 to 14 0 
29j 14 ,, 18 to 22 7 to 9 0 
30 j 8 to 10 0 
31j 14 ,, 17 to 18 0 0 
32 12 to 14 3 to 4 0 
33k | ae 10 to 12 0 0 
34k 15 ,, 13 to 15 0 0 


It will be evident that under these conditions the embryos’ hearts 
lose their activity, and further, it was found that, except in one case, 
they were on the third day irresponsive to both thermal and electrical 
stimuli. There is therefore a marked difference in the sustaining 
power of a mixture of egg-albumen and °75°/, NaCl, to that of 
‘75°/, NaCl alone. 


(4) Action of the Synthesised Proteid-like Colloids A, B, and C 
(Grimaua’s Colloids). 
In a series of papers recently published by Prof. Halliburton and 
myself* it has been shown that certain synthesised colloids behave in a 


1 Pickering. Proc. Physiol. Soc. Feb. 16, 1895; (This Journal, xvu.); This Journal, 
xvitt. p. 54. 1895; Comptes Rendus, T. cxx. p, 1848. 1895; Halliburton and Pickering, 
This Journal, xvim. p. 285, 1895. 
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manner not unlike proteids. Of these substances the colloid 0, which 
is formed by the action of a current of gaseous ammonia heated to 
170° C. on solid aspartic anhydride, exhibits the following four striking 
characteristics :—(1) It gives with CuSo,+KHO a violet colour 
reaction. (2) After treatment for some days at 38°C. with pepsin 
and ‘2°/, HCl it gives with the same reagents a pink reaction like a 
proteose or a peptone. (3) With neutral salts as precipitants, or on 
heating with soluble salts of Ba, Sr, or Ca, it behaves like a proteid. 
(4) When injected in a *5°/, to 1°5°/, solution into the veins of black 
rabbits, dogs, rats or cats it causes extensive intravascular clotting like 
a nucleo-albumin. 

Bearing in mind these observations it became of interest to ascer- 
tain whether solutions of this substance and of allied bodies behave 
like a proteid towards embryos immersed in them. 

_ The following table shows the effect of keeping six rat embryos in 
a 7°5°/, solution of the colloid C for three days under similar conditions 
to those described in the preceding experiments :— 


6. (With Colloid C.) 


Age frequ 
No. of commence- 20 mins. 1 day after 2 days after 3 days after 
embryo. ment ofexp. immersion. immersion. immersion. immersion. 


351 14 days 16 to 18 15 to 18 12 to 14 8 to 12 


61 145, 17 to 19 12 to 14 10t.12 
20 to 24 13 to 16 8tol4 
38m 15 ,, 19 to 26 16 to 19 14 to 17 8 to 12 
39m 15 ,, 18 to 28 12 to 14 8tol10 608 
Ow, 16 to 18 12 to 16 7 to 9 0 


A study of the preceding tables shows that the hearts of rat 
embryos sustain their rhythm in a 7°5°/, solution of the colloid C 
almost as well as in a solution of egg-albumen. This fact is all the 
more striking as on incineration the colloid C was found not to contain 
salts like egg-albumen and serum, so that the result cannot be 
attributed to the salts in combination or solution. The colloids A and 
B referred to the papers previously cited, which are formed by the 
interaction of phosphorous pentachloride on meto-amido benzoic acid 
at 125°C. to 180° C., and which exhibit certain characteristics in com- 
mon with proteids do not behave in a like manner to the colloid C. 
They apparently do not sustain a cardiac rhythm more than a ‘75 °/, 
solution of NaCl alone. 
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The subjoined tables record these results. (Compare table 5.) 


Tate 7. (7:5 °/, Colloid A used.) 
Ageatcom- Cardiac frequency Cardiac frequency Cardiac frequency 


No.of mencement 20 mins. after after 1 day’s after 2 days’ 
embryo. of exp. immersion. immersion. ‘ 
4ln 14 days 18 to 20 12 to 14 (feeble) 0 
42n 14 ,, 19 to 20 0 0 
43n 20 to 24 8to 10 ,, 0 
440 15 , 22 0 0 
450 | aa 24 to 26 0 0 
460 15 ,, 18 to 20 6to8 ,, 0 


8, (With 7:5°/, solution Colloid B.) . 


at - Cardiac frequency Cardiac 
embryo of exp. immersion. 
47 12 days 16 to 18 3 
48 p i. 25 to 27 0 
49 p 12 ,, 19 to 21 0 
50 q 18 0 
5lq ‘i 24 to 28 0 
52q 26 to 28 0 


Reference to the papers cited on synthesised colloids will show that 
the colloids A and B do not approach in their chemical characteristics, 
so near to proteids as the colloid C. It is therefore interesting to note 
that the sustaining power of the two former bodies is far inferior to 
that of the colloid C, which is almost as marked as that of albumen. 


(5) Action of Saline Solutions. 


The next series of experiments were performed to determine the 
relative sustaining power of various saline solutions, when directly 
applied to the hearts of mammalian embryos. The first solution used 
was that known as “ Ringer’s” Circulating Fluid’. 

As in the preceding experiments excised rat-embryos were the 
subjects of the observations. During the two days the experiment 
lasted a temperature of which the extreme limits of variation were 
37°8° C. and 38°6° C. was maintained. Prior to the transference from 


1 The composition of the fluid is as stated under; a saturated solution of tribasic 
phosphate of lime in -6°/, saline solution, with the addition of 1¢,c. of 1°5°/, solution of 
potassium chloride to 100 c¢.c. of the mixture (Ringer, This Journal, vu. p. 291). Ten 
cubic centimetres of this solution were used for the immersion of each embryo. 
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the mother’s blood the embryos were washed in the saline medium 
used. The other conditions were maintained constant. The results 
summarized in ‘the following table are recorded as beats per minute :— 


TABLE 9. 
Cardiac Cardiac frequency Cardiac Cardiac 
frequency bathed after 15 mins. in frequency frequency 

No, of Age of in mother’s Ringer’s after 1 in after 2 days in 
embryo. embryo. blood. fluid. Ringer’s fluid. Ringer’s fluid. 

53r 10 days 19 18 to 20 12 0 

Sr .10 , 16 8 2 

548 14 ,, 26 14 to 15 0 0 

558 14 ,, 30 25 to 26 7 4 

56% 15 ,, 17 12 to 13 6 3 

28 16 4 0 


A comparison with tables 5 and 6 shows that Ringer’s fluid 
exhibits a power of sustaining the cardiac rhythm of mammalian 
embryos far inferior to that of the colloid C, but superior to that of 
‘75°/, NaCl. No growth of the embryos was observed during im- 
mersion, 

The rhythm was comparatively constant during the first four hours 
after immersion, but subsequently, a diminution both of force and 
frequency was observed, which culminated in death in diastolic stoppage 
usually after 50 hours’ action. 

A result only slightly differing in degree is obtained when the 
salts of blood ash are substituted for “Ringer's Fluid.” They are 
apparently of about equal sustentive power, but far inferior to that 
of the colloid C, as is shown by the summary in the following table. 
The animals used were rats. The conditions of the experiments were 
unchanged from that of the previous series. 


Tasie 10. 
Cardiac fre- Oardiac fre- Cardiac fre- Cardiac fre- 


quency bathed quency after quency after after 

No. of oh! in mother’s 15 mins.in sol. 1 day in sol. a 

embryo. em blood. of blood ash. of bloodash. of ash, 
58 u 10 days 20 18 to 20 9 to 11 0 
59 u 19 to 21 5 to7 0 
60 u 19 18tol9 . 0 
6lv 4 ,, 17 15 to 17 9 to 13 6 
62v 4, 18 17 to 18 13 to 15 5 


A strikingly similar result is obtained when the ash of gum arabic 
is substituted for that of blood in the water acting as the medium 
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surrounding the embryos’ hearts. The next table records the result 
at 38° C. 


TABLE 10a. 

No. of Age of in mother’s 15 mins, in sol, i day in sol. 2 da in sol. 
embryo. embryo. blood. of blood ash. ofbloodash. of blood ash. 

58n  10days 18 16 to 18 9t.10 0 

59 u 10s 20 20 18 to 13 3 (feeble) 

60 u i 5 21 19 to 22 17 to 19 7 

6lv i 17 16 11 to 13 0 

62¥  . 20 18 to 20 6 to 8 6 


Two similar series of experiments were performed where the salts 
in solution were respectively KCl (strength 1 c.c. of 10°/, solution 
to 200 c.c. of pure distilled water) and a mixture of the same strength 
of KCl plus 2 c.c. of a 10°/, solution of calcium nitrate added to every 
200 c.c. of the solution. 

For reasons explained in a subsequent section, care was taken that 
only water that had been distilled into glass receivers was used. These 
solutions were chosen in order to make a comparison with the work 
of Ringer and Sainsbury’ on Tubifex rivulorum. 

The potassium chloride solution was found to have stopped the 
hearts of rat embryos kept at 38°C. after from 6 to 8 hours’ action, 
while in those cases where there was an addition of calcium nitrate to 
the solution, the embryos’ hearts maintained a fairly strong rhythm 
after 10, and in some cases 15 hours, and in one case a strong rhythm 
existed after 22 hours had elapsed. 

Cardiac stoppage usually supervened after 10 or 12 hours, but 
in the extreme case above cited, did not take place until after 24} 
hours. 

There is therefore a general correspondence between these results 
and those cited above as obtained by Ringer and Sainsbury on 
Tubifex rivulorum. 


(6) Action of Distilled Water. 


Ringer* working in collaboration with Sainsbury and Phear* 
has shown that distilled water prepared in metal containers is fatal 
to Tubifex rivulorum, causing death and subsequent disintegration. 


1 This Journal, xv1. 1. 1894. 
* Ringer and Sainsbury. This Journal, xvi. p. 1. 1894. 
* Ringer and Phear. This Journal, xvi. p. 423, 1895; Ringer, ibid. xvi. p. 425. 
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Niageli' found that commercial distilled water was rapidly fatal to 
vegetable protoplasm; but that water distilled into glass receptacles 
did not exert a toxic action. More recently Locke* has extended 
these observations to animal organisms, and has found that both 
Tadpoles and Tubifex rivulorum will survive for a considerable time 
in water that has been distilled into glass receivers, while “ Aqua 
distillata” prepared in metal containers was extremely toxic. I have, 
therefore, tested the action of these two kinds of distilled water on 
the hearts of embryos. In the following table the action of water 
at 38°C. (distilled into glass isos on 10 day rabbit embryos is 
recorded. 


11. 
Cardiac | 
Cardiac frequency after Cardiac Cardiac Cardiac 
frequency immersion for frequency after frequency frequency 
No. of inmother’s 15mins. in 4hrsin pure after12hrs after 18 hrs 
embryo. blood. pure water. water. in pure water. in pure water. 
63 w 22 17 16 to 18 8 to 12 0 
64 w 20 14 to 16 14 to 16 0 0 
65 w 26 22 20 to 22 14 to 17 6 (weak) 
66 x 18 15 to 16 10 to 12 8 to 10 0 
67 x 24 24 8 to 10 4 to 6 0 
68 x 14 14 7 to 9 0 0 


A comparison of the foregoing table with the results recorded in 
table 5, will make it evident that the sustaining power of pure distilled 
water is considerably inferior to that of ‘75°/, sodium chloride. It 
is, however, noteworthy that in each experiment a rhythm of moderate 
frequency and force was maintained after 4 hours’ action, and even 
after 12 hours, four of the hearts were beating rhythmically. The 
force. of the beats was, however, diminished and their diastoles drawn 
out. My results are in accord with those of Locke’ in as far as 
pure distilled water does not seem to have a toxic action on animal 
contractile tissues. 

In the next table the results obtained with aqua distillata on 
the hearts of 10 day rabbit-embryos is recorded. The water had been 
distilled into a copper receiver and left in contact with a bright strip 
of copper for one day. The temperature at which the experiments 
were conducted was again 38° C. 


1 Nageli. Denkschriften der schweizerischen naturf. Gesellschaft. xxxut. p. 1. 1893. 
Locke. This Journal, xvii. p. 319. 1895. 
Loe, eit, 
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TaBLeE 12, 
Cardiac Cardiac Cardiac 

No. of mother’s 10 mins. 18 mie after 
embryo. blood. immersion. immersion. immersion. immersion. 

69 y 27 16 8 0 0 

70y 20 0 0 0 0 

7ly 26 12 - 8 4 2 

72y 18 14 12 2 0 

732 20 10 5 0 0 

742 16 3 0 0 0 


The statistics recorded above show that distilled water (in copper 
receivers) exerts a markedly toxic action on the hearts of 10 day 
rabbit-embryos. The cardiac stoppage was always in diastole; for a 
short interval of time the hearts remained responsive to an interrupted 
electric current, but the rhythm resulting from the stimulation was 
in each case weaker than the normal. On shutting off the current 
the hearts continued to beat for a time varying from 2 to 10 minutes. 
After a second stoppage a repetition of the stimulation in some cases 
again partially restored the rhythm, but it became progressively 
weaker, and finally after the immersion in the water had lasted from 
20 to 30 minutes, the hearts became irresponsive to both electrical 
and thermal stimuli. These results correspond with those usually 
deemed characteristic of the action of distilled water on animal tissues. 
The post-mortem disintegration described by Ringer and his col- 
laborators as characteristic of its action on tubifex was also observed. 


(7) Oligodynamic Action. 


An explanation of the difference of action of the two kinds of 
distilled water on vegetable protoplasm has been advanced by Nageli’. 
He suggests that the water distilled into metal receivers owes its 
toxic action to small quantities of metal it has taken into solution, 
and he terms the action of these minute quantities of the heavy 
metals on organized matter “oligodynamic action.” To illustrate the 
extremely minute quantities of metal producing a toxic action, he 
estimates that yrgghnq7 Of copper present in one experiment caused 
pronounced toxic action on the protoplasm of a filament of spyrogyra. 
Further the addition of small quantities of various colloidal substances 
such as gum, albumin, dextrin or gelatin, renders the otherwise poiso- 
nous water harmless. | 


1 Op. cit. 
PH. XX. 12 
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(8) The influence of traces of Colloids and other bodies on 
Oligodynamic action. 

e preceding experiments make it evident that water distilled 
into metal containers acquires a toxic action on the myoplasm of 
mammalian embryonic hearts, and further it is very probable that 
this action is due to traces of metallic substances in solution. Ringer 
and Phear' have recently shown that the addition of minute quantities 
of various salts, acids, and alkalis, remove the toxic and disintegrating 
action of water distilled into metal containers on the contractile tissue 
of tubifex rivulorum. For the sake of comparison I quote the following 
solutions used by these observers :— zg¢555 Of potassium ferrocyanide, 
potassium citrate, Of hydrocyanic acid, Of sul- 
phuric acid and 5,4, of sodium hydrate. Any of which considerably 
retard the toxic action. The results obtained with minute quantities 
of the following bodies, acting on early rat embryos, are recorded in 
_ the next table. The water used had been distilled into copper re- 
_ celvers. 
13. 

Temperature of experiments 38°0. The frequencies recorded in each case 
are the average number of beats per minute observed in six experiments. 


uency frequency frequency frequency 
Solution used as 20 ater 80’ after 1hrafter 2 hrs after 
surrounding medium. immersion. immersion. immersion. immersion. immersion. 


Water distilled into 
metal receiver (for 9°5 1 oe 0 0 
comparison) 

Solution of 

gelatin 12 
(slightly acid) 
colloid A 9 
(neutral sol.) 
colloid 

gelatin 

colloid A 


colloid C 


bo 


— 
bo 
o 


owraownwoa 


; 


4 


caffein 
! Caffein 
digitalin 
robes digitalin 
50000 
NaOH 
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It is evident that each of the substances experimented with modi- 
fies to a certain degree the toxic action of water distilled into copper 
retainers. It may be noted here that in order to remove the factor 
of the oligodynamic action of metals from these experiments all the 
distilled water used in preparing *75°/, NaCl, which was the medium 

for the administration of the various aatatenass, was distilled into 
= receivers. 


(9) The comparative action of isotonic and other solutions. 


The statement of Albanese’ and of Ohrn* that a 2°/, solution 
of gum arabic to which a trace of sodium carbonate had been added, 
provides an excellent nutrient fluid for the frog’s heart, has led me | 
to investigate its sustaining action on the hearts of rat-embryos. The 
results obtained are recorded in the next table :— 


Taste 14, 
Embryos kept at 38°C. 
Cardiac Cardiac Cardiac 
No. of = 20 mine. after after lday’s after2days’ after 3 days’ 
of exp. 
104 14 days 16 to 18 14 to 17 8 to 10 3 (weak) 
105 BG 55 17 to 20 16 to 18 5 (weak 0 
106 | ee 18 to 20 18 to 20 9 to 10 2 (weak) 
107 St 21 to 26 14 to 16 6 (weak) responds 
to stimuli 
108 |) 24 to 25 18 to 19 0 0 
109 | ae 27 to 28 14 to 16 5 to 7 0 
110 10° % 16 12 to 13 8 to 10 3 
111 9 dys 12 hrs 14 to 17 9 5 0 
lis: 3 16 to 18 7 to 9 0 0 


The preceding table shows that a 2°/, solution of gum arabic 
plus a trace of sodium carbonate “ maintains” the cardiac rhythm of 
rat-embryos for a longer period than any of the following substances :— 
‘75°/, sodium chloride, the synthesised proteid-like colloids A and B, 
“Ringers’ fluid,” or solutions of blood ash, of the ash of gum-arabic, 
but that it is far inferior in its sustaining power to either a mixture 
of egg-albumen and 75°/, NaCl, or ofa mixture of the proteid-like 
colloid C and ‘75°/, NaCl. 

Notwithstanding numerous and exhaustive researches, it is still 


1 Albanese. Archiv fiir exper. Path. u. Ther. xxx. p. 297. 1893. 
Ohrn. Ibid, xxrv. p. 29. 1894. 
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undecided whether the heart can maintain its rhythm at the expense 
of its own substance, although more recent work tends to show that 
it is unable to so do. The recent paper by White' emphasises the 
sources of error in the various experiments on frogs’ hearts. Apart 
from these errors it would seem to me not a fair test to work with 
hearts that have been thoroughly exhausted by prolonged per- 
fusion of normal saline, for in such cases it is probable that the 
metabolic changes are profoundly altered, and that the organ behaves 
differently than under normal conditions, so that its power of con- 
traction must become progressively decreased. The fact demonstrated 
by White that after complete exhaustion, and at a time when 
Ringer’s fluid fails to induce contraction, the subsequent application 
of serum albumen will restore the rhythm, only proves that the heart 
is not dead and that when supplied with suitable nutritive material 
it is capable of assimilation and subsequent contraction. 

It is possible that part of its contractile substance is available 
for use, that on its exhaustion the rhythm fails until there is a supply 
of fresh material. 

The following table gives the comparative results of the immersion 
of 14 day rat-embryos in various media for a prolonged period. The 
embryos were excised and washed in normal saline, and maintained 
at 38°C. throughout the experiments. 


TaBLe 15. 
The figures record the average number of heart-beats per minute in 12 
experiments after the elapse of the various periods of time as therein stated. 
After After After After After After After 
6hrs Q9hrs 12hrs 18hrs 24hrs 2days 8 days 


Embryos surrounded by 13 9 8 0 0 0 0 


pure distilled water 


Surrounded by °/ 
Surrounded by Rin- 


Surrounded by solution 


Surrounded by ash of : 


Surrounded by 2°/, sol. 


1 A. H. White. This Journal, x1x. p. 344. 1866. Contains a résumé of conflicting 
views on this subject. . 
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After After After After After After After 
6hrs Q9hrs 12hrs 18hrs 24hrs 2days 8 days 
0 0 0 


Surrounded 75° 

Surrounded by 7°5°/ 

1 18 1 is 10 ¢ 
Surrounded by mixture ) 


of egg albumen &°75°/, 18 18 16 16 14 14 ll 
NaCl in equal parts 
Surrounded by mixture 
of defibrinated rats’ 18 
blood & *75°/, NaCl 
in equal parts 


17 18 16 15 15 14 


(10) The Action of Various Drugs. 
All experiments except where otherwise stated were performed 


prior to the development of the intrinsic cardiac nervous system. 


The drugs were applied dissolved in normal saline; and administered 
direct to the embryonic heart, with the variois precautions as detailed 
in my previous papers. Observations were taken both on embryos in 
situ, and on excised embryos. Great care was taken that the appli- 
cation of the drug should not vary the temperature of the heart. 
(a) Caffein. If applied in doses of ‘1 mg. dissolved in 1 c.c. of 
normal saline, slight tonic contraction of the cardiac myoplasm results, 
while in ten experiments the average increase of the cardiac frequency 
was four beats per minute in the case of rat-embryos, and in a 
similar series of experiments on rabbit-embryos, the average increase 
of frequency in five observations after the application of ‘1 mg. of caffein 


_was three beats per minute. 


Larger doses produce pronounced tonic contraction culminating 
in systolic stoppage, which cannot be removed by the application of 
heat, or dilute acid solutions (¢.g. gyh5q lactic acid). 

The physiological action on the hearts of mammalian embryos is 
therefore practically identical with its action on the adult heart and 
on the hearts of chick-embryos, and independent of the nervous system. 

(8) Veratrin. In a similar manner the action of this substance 
is practically identical with that previously described as characteristic 
in its action on the hearts of embryo chicks, small doses causing an 
acceleration of the cardiac frequency, larger doses rapidly reducing it, 
and culminating in diastolic stoppage. The hearts of cats and rabbits 
that have been stopped by the application of ‘2 mg. of veratrin can 
usually be restored to their normal rhythm by the application of a 
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dilute solution of potassium chloride, or by raising their bomperyture 
5 or 6 degrees. 

(y) Nicotin. The action of this substance on the hearts of embryo 
rats and cats is similar to its action on the chick’s heart and need not 
consequently be described. The action of smaller doses is antagonised 
by the subsequent application of dilute solutions of potassium chloride. 

On older mammalian embryos (cats and rabbits) after the develop- 
ment of the intrinsic cardiac nervous system, the application of 1 c.c. 
of normal saline containing ‘05 mg. of nicotin prevents the inhibition 
normally produced by the application of an interrupted current. The 
subsequent application of dilute solution of potassium chloride to the 
hearts of older embryos, although it partially restores the cardiac 
rhythm, fails to restore the appearance of inhibitory phenomena when 
an interrupted electric current is subsequently applied. 

(8) Digitalin. The action of this substance on the hearts of early 
cat and rat embryos is practically the same as previously described 
as characteristic of its action on early chick-embryos. 

(e) Strophanthin. The action of ‘1 mg. to “3 mg. of this substance 
on the hearts of cat and rat embryos is the same as described as 
characteristic of its action on early chick-embryos. 

Prof. Fraser of Edinburgh has informed me in a private letter that 
he has found that minute traces of strophanthin when applied to the 
frog’s heart produces, after prolonged action diastolic stoppage, the 
result being opposite to the action of small doses of this substance 
acting over a comparatively short period of time, He has asked me 
to ascertain whether there is a similar action on the heart prior to the 
development of its nervous system, and in order to test this point I 
have tried the action of 05mg. of strophanthin on rat embryos, 
allowing the substance to act for two days on excised embryos kept 
under constant conditions in my observing incubator. Control experi- 
ments with rat embryos taken from the same mother, and kept in the 
same incubator, under precisely the same conditions, were performed 
so as to ensure that the results obtained were not due to any deterio- 
ration of the cardiac rhythm owing to prolonged separation from the 
mother. The embryos in both series of experiments were kept bathed 
in a solution consisting of a mixture in equal parts of normal saline 


and the mother’s blood. In those experiments in which the strophan-| 


thin (05 mg.) was added, the hearts of the embryos were found to be 
in diastolic stoppage at periods varying from 18 to 26 hours after 
application, while in all the controlled experiments except one the 
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hearts of the embryos were found beating after this time. In three 
cases out of the eight observations, where the diastolic stoppage had 
occurred after 18, 22 and 34 hours respectively, the subsequent 
application of heat (a rise of 5°C.) partially restored the cardiac 
rhythm. There is therefore a pronounced difference between the 
action of ‘1 mg. of strophanthin over a short period of time, and of 
‘05 mg. of strophanthin acting over a prolonged period of time, and 
this action is not associated with the intrinsic cardiac nervous 
mechanism, but is direct on the cardiac myoplasm itself. 

({) Antiarin. Doses of ‘1 to 3 mg. act in a manner not distinguish- 
able from the action of either digitalin or strophanthin on the hearts 
of early mammalian embryos, producing tonic contraction culminating 
in systolic stoppage. Smaller doses, eg. ‘05mg. acting over from 18 
to 40 hours, produced diastolic stoppage, sometimes removable by heat 
in a manner similar to that previously described as characteristic of 
the action of minute doses of strophanthin. I may here remark that 
minute doses of digitalin will not produce a similar result. 

(n) Acids and Alkalis. lactic acid and sodium 
hydrate were used. The general action and reciprocal antagonism 
of these substances is similar to that described long ago by Dr Gaskell, 
as characteristic of their action on frogs’ hearts. 

(9) Morphine Acetate. The action of this substance, as on the 
chick’s heart, varies with the temperature of application. Doses of 
‘1 mg. at a temperature of 28°C. producing slowing of the rhythm 
culminating in diastolic stoppage, while the same dose at 40° C. causes 
an immediate large increase of the frequency, great irregularities, 
stoppages, alternating with violent bouts of beating and reversal of 
rhythm. Lowering the temperature will often restore the rhythm 
to its normal condition. Doses of -2mg. and upwards if applied at 
40° C. act in a similar manner to doses of ‘1 mg. applied at 28°C. 

(c) Muscarin nitrate and atropin sulphate. The action of these 
substances, even on the earliest embryos, is apparently identical with 
their action on the frog’s heart. Typical muscarin depression is pro- 
duced after the application of 05 mg. of that substance, and is removed 
by the subsequent application of ‘05mg. of atropin sulphate. This 
result is the converse of that I have obtained in my experiments 
published on the chick’s heart. There is apparently no difference in 
the action of muscarin nitrate and atropin sulphate on the hearts of 
earlier and later mammalian embryos. I have performed an exhaustive 
series of experiments to test this point, the animals used being rats, 
rabbits and cats. 
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(«) Chloroform and Ether’. These substances were administered 
either by inhalation to the mother in the ordinary manner, and the 
effect watched on the embryos’ hearts in situ, or direct to the cardiac 
myoplasm dissolved in normal saline, of strength 001 of a c.c. to le.c. 
of °75°/, NaCl, in the same manner as previously applied to the hearts 
of chick-embryos. 

In both series of experiments it was found that chloroform acted 
as a marked depressant to the embryonic hearts, but even when the 
mother animal was killed by inhalation of the chloroform the em- 
bryos’ hearts continued beating. Direct application of chloroform 
(001 c.c. to lec. of *75°/, NaCl) always induced cardiac stoppage in 
diastole. 

The direct application to the embryos’ cardiac myoplasm of a 
mixture of chloroform and ether did not produce such toxic results. 
Thus embryos to which ‘002 of a c.c. of chloroform mixed with 001 
of c.c. of ether was applied, sustained a fairly strong rhythm in which 
the average cardiac depression, in ten experiments, was only eight 
beats per minute. Ether applied either through inhalation of the 
mother, or direct to the blastoderm, in strength of ‘001 of a c.c. to 
lc.c. of *75°/, NaCl, acts as a cardiac stimulant, rapidly increasing the 
cardiac frequency, while apparently not decreasing the force. Large 
doses, e.g. ‘0015 of a c.c., still further increase the cardiac frequency, 
but decrease the rhythmic force of the hearts. A dose of 002 of a 
c.c, stops the hearts in diastole. I have attempted by various means 
to antagonise the toxic action of chloroform on the hearts of mammalian 
embryos, and have entirely failed with the following substances, digitalin, 
strophanthin, antiarin, caffein, and atropin sulphate. They seem rather 
to increase than antagonise the depression produced. 

The addition of an equal part of alcohol (001 of a cc. of alcohol 
to ‘001 of a cc. of chloroform) somewhat mitigates the depression 
produced by the latter substance, but if the dose of chloroform be 
increased to ‘0015 of a c.c. the addition of alcohol does not decrease 
the cardiac depression. 

A mixture of 001 of a c.c. of chloroform, +°001 of a c.c. of ether, 
+°001 of a cc. of alcohol is not so depressant as either chloroform 
alone, or a mixture of chloroform and ether, but here again if the 
strength of the chloroform be increased to 0015 of acc. toeach lec, - 
of ‘75°/, NaCl the typical diastolic stoppage results, 

The addition of ‘001 of ac.c, of ammonia will sometimes partially 


1 The experiments were performed on both rabbit and dog embryos. 
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restore the cardiac depression produced by the application of 0005 
of a c.c. of chloroform direct to the heart, and will also more completely 
restore the cardiac depression produced in the embryos’ hearts during 
inhalation by the mother of pure chloroform. Even when the mother 
is killed by chloroform the direct application of ammonia will consider- 
ably restore the embryos’ cardiac rhythm. Thus in three experiments 
where the mother, a rabbit, was killed by chloroform the depression 
of the embryos’ hearts was found to be after the direct application of — 
‘001 of a c.c. of ammonia only four beats per minute. 


PART II. 
ELECTRICAL OBSERVATIONS ON THE EMBRYONIC HEART. 


(1) Action of Interrupted Electric Currents on the Hearts of 


These experiments fall under three heads :— 

(1) Action on embryos aged from 50 to 100 hours. 

(2) On embryos aged 100 to 200 hours. 

(3) On embryos aged 200 hours and upwards, 

In each of the series of experiments the current was furnished by 
two Daniell cells and a “Du Bois-Reymond” Inductorium. The 
temperature of the observing incubator was kept constant during the 
observations at 38°C., and the surface of the blastoderm was bathed, 
except where otherwise stated, in a *75°/, NaCl solution. The following 
experiments are selected from a number, to illustrate the results 
obtained :— 


16. 
Embryo age 60 hours, with normal cardiac frequency of 42 beats per 


Chick-embryos.. 

minute. 

Distance of Cardiac frequency 
primary from in beats Remarks | 

Time secondary coil. per minute. on rhythm. ‘ 

1.30 Current off 42 Normal ’ 

1.31 on: 50 cm. 46 ditto } 

1.31 till 
: 1,38 ditto 46 ditto 
: 1.39 off 44 ditto 
1.40 off 42 ditto : 
1.40 till 1.50 | off 42 ditto 
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primary from in beats Remarks 
Time secondary coil. per minute. on rhythm. 
1.51 on: 25 cm. 54 Stronger than normal 
1,53 ditto 54 ditto 
1.53 till 2.0 ditto varies from 53 ditto 
to 58 
2.1 off 48 ditto 
2.3 off 42 Normal 
2.5 on: 15 cm. 60 Irregular and weak 
2.7 ditto _— “ Herz delirium ” 
2.8 ditto -- ditto 
2.9 off 59 Irregular and weak 
2.10 ditto 55 Weaker than normal 
2.15 ditto 40 Apparently normal 


The next table records the results obtained with a 100 hour embryo 
in an abbreviated form. 


TABLE 17 
Distance of Cardiac uency 
primary from in ~. Remarks 

Time. secondary coil. per minute. on rhythm. 

2.50 Ourrent off 120 Normal 

2.51 on: 50 cm. 128 ditto 
2.53 till 2.55 ditto 134 ditto 

2.5 off _— ditto 
2.57 till 3.17 ditto 120 ditto 

3.17 on: 25 cm. 134 Tonic contraction increased 
3.20 till 3.24 ditto 130 ditto 

3°25 on: 18 cm. 140 Apparently normal 

3.26 off 120 ditto 

3.27 on: 17 cm. 140 ditto 

3.30 ditto 140 ditto 

3.31 on: 15 cm. 146 Tonic contraction marked 

3.33 on; 12 cm. 160 Delirium cordis 

3.34 ditto _ Too rapid to count and very 
3.34 till 3.36 ditto — ditto 

3.37 ditto — Sto in systole 

3.38 off 0 tees ditto 

3.39 ditto twitches Expands to diastole 
3.40 till 3.50 ditto ~ 30 to 33 Impaired action 


If the current be passed through other axes of the embryo which 
do not go through its heart, there is no noticeable effect produced on 
the cardiac rhythm. 


Distance of Cardiac frequency; 

t 
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It will be noticed that the increase of strength of the current 
culminates in heart delirium, not in inhibition. Although most varied 
strengths of current have been used I have always failed to obtain a 
cardiac inhibition in embryos aged from 50 to 120 hours. 

In the observations of which an abbreviated record will be found 
in the next two tables, the action of the current was tried, at all 
strengths corresponding to the variation of one half cm. of the distance 
of the coils between the extreme limits named in the tables. | 

In embryos varying in age from 140 to 160 hours, but rarely 
inhibition results. In one case inhibition was obtained in a 150 hour 
em 

The following table embodies the principal results :— 


TasLe 18. 
Distance of 
No. of Age of coils at 88°C. in beats Inhibition 
embryo. embryo. (ranging between) per minute. if present. 
I 120 hrs 50 to 8 cm. 65 No 
If 126 _,, 50 to 8 cm. 78 No 
Ill 150 ,, 23 cm. 112 Yes 
IV 150 ,, 28 to 8 cm. 100 No 
Vv 156 ,, 50 to 8 cm. 118 No 
Vi 162 ,, 22 cm 106 Yes 
Vil 180 .,, 50 to 5cm. 102 No 
Vill 206 ,, 26 cm 80 Yes 
Ix 250 ,, 20 cm. 104 Yes 
x 250 ,, 25 cm. 106 Yes 
XI 300 ,, 24 cm. 120 Yes 


A comparison of the above with the preceding table will show that 
a current of sufficient strength to induce cardiac inhibition in a 250 
hour embryo will, if applied to 100 hour embryo, produce tonic cardiac 
contraction, and if increased in strength, culminates in heart delirium. 
If a further comparison be made between these results and those I' 
have recently recorded on the action of muscarin nitrate and atropin 
sulphate on embryo-chicks, it will be found that the ages, during which 
these drugs exhibit no action on the cardiac rhythm, fairly correspond 
with the period during which interrupted electric currents fail to 
produce inhibition. The earliest time at which I obtained at 38° C. a 
reduction of rhythm due to the action of muscarin nitrate, was at 
160 hrs., and in one case only have I obtained cardiac inhibition in an 


1 Pickering. This Journal, xvmi. p. 478. 1895. 
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embryo younger than this (e.g. aged 150 hrs.); while in another case 
where the embryo was aged 180 hrs. I failed to obtain this result. 
In embryos aged over 250 hours currents of a strength greater than 
that requisite to induce cardiac inhibition, cause an augmentation of 
the rhythm which often culminates in heart delirium. Thus in later 
chick-embryos weak interrupted currents produce inhibition, and 
stronger currents a condition of “herz delirium” possibly comparable 
to tetanus of a skeletal muscle. 

In considering the significance of these results, it is well to bear in 
mind that Dew-Smith * found that interrupted currents when applied 
to the heart of a ‘Salpa’ did not produce inhibition, on the other hand 
on the heart of ‘Helix pomatia’ in which Lea had after histological 
examination failed to detect any nervous elements—that author in 
collaboration with Foster’, obtained, by means of interrupted electric 
currents, typical cardiac inhibition. 

It is however interesting to note that long ago Vulpian* showed 
that muscarin nitrate and atropin sulphate exhibited their typical 
antagonistic action on the snail’s heart. I have however found that 
weak interrupted currents inhibit the hearts of Daphniz, which in a 
previous paper I* showed are not influenced by the application of 
solutions of muscarin nitrate, although they are stopped by atropin 
sulphate. 

Piotrowski‘ working with an abductor limb muscle of the 
crayfish, has shown that lowering of the temperature of the muscle 
decreases its irritability, so that stronger currents are necessary to 
induce contraction, while raising the temperature increases its irrita- 
bility up to a certain point, beyond which a further rise of the tempe- 
rature leads to a decrease of the muscular irritability which is more 
marked than that produced by the influence of cold, 

Lowering the temperature of the chick-embryo renders it within 
certain limits more difficult to induce cardiac inhibitory phenomena, 
Thus in an embryo aged 210 hours which in order to induce cardiac 
inhibition at 38° C. the distance of the coils was 24 cm.; when the tem- 
perature of the embryo was reduced to 28° C., the distance of the coils 
necessary to induce inhibition was 11‘9 cm. 

The following table summarises a number of experiments on this 


+ Foster and Dew-Smith. Proc, Roy. Soc. xx. p. 818. 1875. 
Vulpian, Comptes Rendus, txxxvi. p. 1295. 1879. 

* Pickering. This Journal, xvu. p. 856. 1894. 

‘ Piotrowski. This Journal, xrv. p. 163. 1893. 
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point, and emphasises the influence of temperature on the strength of 
current requisite to produce cardiac inhibition. 


19. 
. of Temp. of of of 
uce to to to uce 
220 hrs 29 cm. 26 cm. 22 cm. 18 cm. 
210 ,, 27°5 cm 24 cm. 16°3 cm 11°9 cm 
250 ,, 28 em. 20 cm. 20 cm. 12°6 cm 
240 ,, 21 em. 18°5 cm 17°6 cm 16°3 em 
240 ,, 22-3 cm 19-7 cm 18-4 cm 10 cm. 


If the temperature be increased above 42°C. it is very difficult to 
obtain inhibition :—* Herz delirium” culminating in systolic stoppage 
nearly always results. Taking the difference of the contractile tissue 
into account there is a general correspondence of my results with those 
obtained by Piotrowski‘ on the muscle of Astacus. 

If an interrupted current be applied for a short time (3 to 4 
minutes) to an embryo-chick’s heart, and be discontinued for a minute, 
after which time a second interrupted current be passed through the 
heart, the effect produced by the application of the second current is 
greater than that produced by the first application of the current. In 
other words there is a summation of the effect produced. This result 
obtains either in the case of the production of heart delirium or of 
cardiac inhibition. The following tables embody this result :— 


Taste 20. 


Embryos kept at 38° C. 
Time of passage of currents 3 mins. 


Distance of Distance of coils Distance of coils 
coils necessary to induce to induce delirium 
Age of to induce delirium cordis on cordis eight 
embryo. delirium cordis. second application. minutes afterwards. 
75 hrs 16°4 cm. 27°3 om. 16°7 cm 
17°3 cm. 22:4 cm. 17°4 cm. 
80 ,, 16°8 cm. 19-7 cm. 16°3 cm. 
80 ,, 15°9 cm. 21-4 om. 17 om. 
110 ,, 18 cm. -24°8 cm. 18°3 cm, 
110 ,, 17°5 cm. 22°4 cm. 17°3 cm. 
16°3 om. 21°3 cm. 15°9 om. 
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Taste 21. 


Embryo kept at 38° C. 
Time of passage of current 3 mins. 


Distance of Distance of 
Distance of coils to induce coils to induce 
of coils to inhibition on inhibition eight 
ryo. induce inhibition. second application. minutes after. 
208 hrs 24°5 cm. 28°3 cm. 24°3 cm. 
208 ,, 25 offi. 27°9 om. 22°8 om. 
210 ,, 20°8 cm. 24°3 cm. 20°3 cm. 
210 ,, 21°7 cm. 22-2 cm. 21 cm. 
215 ,, 22 cm. 26 cm. 22 cm. 
215 ,, 19°8 cm. 23°1 cm. 20°3 cm. 
220 ,, 21 cm. 24-7 cm. 20°9 om. 
220 ,, 22 cm. ) 26°5 cm. 21°7 om. 


In all experiments performed, care was taken after the passage of 
an interrupted current that upwards of eight minutes should elapse 
before any further experiment was performed, so as to avoid the 
after effects produced by the application of the interrupted currents, 
from vitiating the results obtained. If an interrupted current too 
weak to induce either delirium cordis, on early embryos, or cardiac in- 
hibition on later embryos, be passed through their hearts for 30 minutes, 
and after an interval of one minute, a second current is passed through 
them, it is found that a stronger current is requisite to induce both 
delirium cordis on earlier, and cardiac inhibition on later embryos 
than that requisite if the first current had not been applied. These 
results are therefore the converse of those obtained after the passage of 
an interrupted current for 3 or 4 minutes, and are strictly comparable 
with the effects to be subsequently described as resulting from the 
prolonged passage of a constant current through the cardiac myoplasm. 


(2) Action of Drugs on the Subsequent Action of Interrupted Currents. 


Biedermann’ found that the application of dilute solutions of 
veratrin to an abductor limb-muscle of Astacus favoured the inhibitory 
phenomena produced by interrupted currents. | 

The following experiments were made to test the action of veratrin 
on the inhibitory phenomena obtained by means of interrupted currents 
on the embryonic heart. In these experiments the first series was 
kept at 38°C., the second at 32°C., the third at 26°C. In each case 


Biedermann. Sitz. d. k, k, Akad. in Wien 48; ibid. 46n, 47. 
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the blastoderm was bathed with 1 c.c. of normal saline containing ‘1 mg. 
of veratrin. 


22 
Embryos at 38° C 
Distance of Distance of coils Acceleration in 
coils required uired to obtain rhythm 
Ww +° 
in -75°/, NaCl. | 
230 hrs 22 cm. 25 cm. 4 beats per min. 
226 ,, 20 cm. 24 cm. 
215 ,, 18°7 cm. 23 cm. 
250 ,, 19°8 cm. 21°8 cm. 
TaBLe 23. 
Embryos at 32° C. 
of coils Variation in 
to obtain inhibition inhibition when bathed by sidldon or” 
Age of when bathed in *75°/, NaCl+*1 mg. “1 mg. of 
in -75°/, NaCl. of veratrin. veratrin. 
230 hrs 21 cm. 26°3 cm. + 2 beats per min. 
224 ,, 22 cm. 28 cm. -l , ms 
215 ,, 19°9 cm. 29°5 cm. 
248 ,, 18°75 om. 27°9 cm. -2 , 
TABLE 24 
Embryos at 26° C. 
Distance of Distance of coils Variation in 
coils required to required to obtain 
obtain inhibition inhibition when bathed ition 
Age of when bathed in ‘T5%. NaCl +-1 gm. ‘1 mg. of 
embryo. in *75°/, NaCl. veratrin. 
228 hrs 21°6 cm. 24°3 cm. — 4 beats per min. 
226 ,, 20°8 ctn. 26°2 cm. —-6 ,, ” 
218 ,, 22 cm. 23 cm. —-2 » i 
19°4 om. 22°4 cm. 


A comparison of these results with those recorded in table 19 shows 
that the addition of the ‘1 mg. of veratrin to the bathing fluid exerts 
a marked influence on the cardiac inhibition produced by interrupted 
currents. A fall of temperature ordinarily necessitates a stronger 
current to produce cardiac inhibition, but when a small quantity of 
veratrin is present, the fall of temperature aids the appearance of 
inhibition. At all temperatures between 38° C. and 28° C. the addition 
to the bathing fluid of 1 mg. of veratrin aids inhibition. 
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At temperatures above 38° C., ‘1 mg. of veratrin does not apparently 
aid the appearance of cardiac inhibition. Larger doses, eg. “175 mg. 
to ‘2 mg., aid inhibition, and in one case where ‘2 mg. was applied to a 
260 hour embryo cardiac inhibition was obtained with the coils 28 cm. 
apart, while the embryo was kept at 43°C. At temperatures below 20° C. 
the depressing action of the veratrin is so marked that it is difficult to 
say whether the resulting cardiac stoppage is a true inhibition, or a 
standstill produced by the poison. 

The fact discovered some years ago by Gaskell’ that during the 
stoppage produced by the action of muscarin nitrate on the frog’s 
heart, stimulation of the vagus produced a positive electromotive 
variation, while that of the sympathetic produced a negative electro- 
motive variation, has led me to investigate the influence of small doses 
of muscarin nitrate on the electrical inhibition obtained on older 
chick-embryos, Working with chick-embryos aged from 230 to 280 
hours I have depressed their cardiac rhythm by the addition of 
‘015 mg. of muscarin nitrate dissolved in 1 c.c. of normal saline. 

In the following table the results are recorded :— 


TaBLE 25 
Temperature 38° C 
Distance of coils to 
Distance of coils of obtain inhibition when 

to obtain inhibition th produced bathed in 
—< when bathed in muscarin 75°), NaCl+ 015 mg. 
embryo, *75°), NaCl. nitrate (“015 mg.). of muscarin nitrate. 
230 hrs 22°3 cm. 18 beats per min. 26 cm. 
236 ,, 18°7 cm. 12 ,, va 22 cm. 
240 ,, 17 cm. 26 om. 
240 ,, 18 cm. 22 cm. 
275 ,, 17 cm. 25°3 cm. 
280 ,, 20°4 cm. Pm 26°8 cm. 


It will be observed that during the muscarin depression a weaker 
interrupted current suffices to produce inhibition than under ordinary 
circumstances. In a previous paper I have shown that at lower 
temperatures, a much smaller dose of muscarin nitrate is required to 
induce cardiac stoppage than at the normal temperature of the embryo 
(38° C.). Similarly at lower temperatures, in the presence of muscarin 
nitrate, the distance of the coils to produce inhibition is greater than 


1 Gaskell. This Journal, vit. p. 452. 1886; Beitrage fiir Physiologie (Ludwig's) 1887; 
This Journal, p, 404. 1887. 
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the distance required at higher temperatures, that is, the current 
requisite is less. 

If to a chick-embryo whose cardiac rhythm has been depressed by 
muscarin nitrate, a dilute solution of atropin sulphate be added, the 
force and frequency of a cardiac rhythm is restored. The current 
necessary to inhibit the restored rhythm is greater than the current 
necessary to inhibit the rhythm depressed by muscarin nitrate—that is, 
the coils are closer together before inhibition results. 

TABLE 26. 
Embryo kept at 38° OC, drugs dissolved in normal saline. 
Distance of Distance of 


coils necessary coils necessary 
to induce to induce of 
inhibition after inhibition after Frequency of rh after 
action of subsequent action rhythm during subsequent 
of 015 mg. of of 015 of action of 
musearin nitrate. atropin muscarin. atropin sulphate 
240 hrs 26 cm. 20 cm. 60 per min. 85 per min 
240 ,, 19°8 om. 16°2 cm. 9 = 
218 ,, 24°3 cm. 14°2 cm, 40 99 72 - 
250 ,, 19°8 om. 17°3 cm 
260 ,, 20-2 cm. 16°2 cm. 
275 24°5 cm. 19°5 cm 


Piotrowski’ writing of the inhibitory phenomena obtainable with 
the limb muscle of Astacus states, “ All circumstances which increase 
the tone, favour the appearance of inhibition.” The next series of 
experiments were performed to ascertain whether this generalization 
applies to the inhibitory phenomena obtainable by the action of inter- 
rupted currents on the hearts of chick-embryos. 

In a previous paper I have shown that caffein greatly increases the 
tone of the embryonic heart, I have therefore tested its action on 
inhibitory phenomena, and the results obtained are embodied in the 
next two tables :— 


TaBLeE 27. Temperatures of embryos 38° C, 


of coils Variation of 
fe ed in normal embryo. 15 mg. caffein. of caffein. 
200 hrs 21 cm. 23 cm. + 7 
220 ,, 188 cm. 19 cm. + 4 
220 ,, 19 cm. 24 cm. + 8 
224 ,, 21°2 cm. 26 cm. +14 
228 ,, 22 cm. 28 cm. + 9 
250 ,, cm. 21°8 cm. + 1 


1 Op. cit. p. 190. 
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TABLE 28. 
Temperature of embryos at 28° C. 
Distance of coils 
uce a cation 
embryo. 15 mg. caffein. 
206 hrs 18°8 cm. 178 cm. +3 
210 ,, 19 cm. 19-8 cm. +2 
200 ” 20°9 cm. 21 cm. ae 
220 ,, 23 om. 24 cm. +1 
250 ,, 21 cm. 20 cm. 
250 ,, 18-9 om. 19-4 cm. +3 
250 ,, cm. 20°4 cm. 


A comparison of the two preceding tables will show that caffein 
exerts an influence on the inhibition produced by interrupted currents 
on the hearts of embryo-chicks, but that the influence varies with the 
temperature at which the drug is applied. Thus at 38°C. ‘1 mg. of 
caffein decreases the strength of the current requisite to induce inhibi- 
tion, while at 28° C. the same dose sometimes even increases the strength 
of current that is necessary to induce inhibition. The same dose if 
administered at 42°C. induces pronounced tonic contraction of the 
cardiac myoplasm, and if even a very weak interrupted current be 
applied, the result is always “delirium cordis” culminating in systolic 
stoppage. 

Similar results are obtained if digitalin is substituted for caffein, 
and in this case there can be no question of any action of that substance 
on the nervous mechanism of the heart, so that any effects produced on 
the inhibitory phenomena are those occurring in the contractile myo- 
plasm alone. This point will be returned to in the discussion of the 
significance of these observations, and their bearing on the current 
theories purporting to explain inhibition. 

The next two tables record the observations with digitalin :— 


TaBLe 29. 
Temperature of embryos 38° C. 
Distance of coils 
u a ication 
embryo. "015 mg. digitalin. after digitalin. 
~ 210 hrs 19°7 cm. 20°3 cm. 3 beats per min 
208 ,, 22°6 cm. 23°6 cm. ae a 
206 ,, 21°8 cm. 21°8 cm. 
230 ,, 23°2 cm. 25°8 cm. 
240 17°5 em. 24°7 cm, 
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30, 
Temperature of embryos 28° C. 
Distance of coils 
uce n 
015 digitalin. after digitalin. 
208 hrs 20 cm. 16°8 cm — 3 beats per min. 
210 ,, 20 cm. 19°3 cm ae ” 
220 ” 23 cm. 20°2 cm. = 1 ” ” 
250 ” 21 cm. 18 cm —2 ” ” 
250 ,, 17°5 cm. 18°3 cm. +2 yy ” 
260 ,, 21 cm. 20°8 cm. —4 ” 


The two preceding tables show that the cardiac inhibition produced 
by interrupted currents on embryos under the influence of minute doses 
of digitalin (015 mg.) is modified in a marked degree by the tempera- 
ture of administration of the drug. This factor is apparently greater 
than in the case of the administration of caffein. Thus in the former 
instance four of the experiments out of five conducted at 38° C. showed 
under the influence of 015 mg. of digitalin a decrease in the strength 
of current requisite to jnduce inhibition, while in the experiments 
conducted at 28°C. five out of six showed a marked increase of the 
current requisite to induce inhibition. It should be noted that the dose 
of digitalin is smaller than the dose of caffein. 

Larger doses of digitalin (*15 mg.) induce pronounced tonic contrac- 
tion of the embryonic myoplasm and even at low temperatures (28° C.), 
very weak interrapted currents ; such as are obtained when the coils are 
_ 30 cm, apart throw the heart into pronounced delirium culminating in 
systolic stoppage. I have failed with the larger doses of digitalin to 
induce inhibition although the tone of the organ is exaggerated. 

At higher temperatures (¢.g. 42°C.) digitalin in smaller or larger 
doses induces a condition of pronounced tonic contraction, and on the 
application of a very weak interrupted current (coils 30 cm. apart), 
delirium cordis results. 

The salient feature of the four preceding tables is that the applica- 
tion of small doses of either caffein or digitalin to the cardiac and 
myoplasm of chick-embryos at 38°C. decreases the strength of the 
interrupted current requisite to induce inhibition, that is, it favours the 
appearance of inhibitory phenomena. Bearing this fact in mind I have 
tried whether the converse statement is true—if substances which 
induce an atonic condition of the cardiac myoplasm retard the appear- 
ance of inhibitory phenomena. To this end I have selected lactic acid 
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of strength s5}5, dissolved in ‘75°/, NaCl which Gaskell’ has shown to 
induce a typical atonic condition of cardiac contractile tissue. 
The results obtained are summarised in the following two tables :— 


Taste 31. 
Embryo kept at 38°C. 
Distance of coils to Distance of coils to 


Distance of coils produce inhibition after uce inhibition 
Pack sag application of 1 c.c. 1c.c. lactic acid 

om bition in above solution and 1 c.c. 
em normal embryo. of lactic acid. NaHO solution. 
250 hrs 21-2 cm. 20°8 om. 21°6 cm. 
248 ,, 20°6 cm. 18°8 cm. 21 cm. 

216 ,, 19°8 cm, 15 cm. 17°9 om. 
216 ,, 17-9 cm. 17°3 om. 20°4 om. 
227 ,, 23-2 cm. 21°6 cm. 22 cm. 

230 ,, 20 cm. 168 cm. 24 cm. 

232 ,, 21°3 cm. 21 cm. 25 cm. 

240 ,, 18°75 cm. 16°2 cm. 19°2 cm. 

TaBLE 32. 


Temperature of embryo 28° C. 


Distance of coils to Distance of coils to 
Distance of coils to induce inhibition after induce inhibition after 
induce inhibition application of 1 c.c. 1 c.c. of lactic acid 


of in normal autos lactic acid le.c. of sg}gg NaOH 

ies. embryo. solution. solution. 

218 hrs 19°8 cm 19°5 cm. 18°75 cm. 
260 ,, 128 cm. 9°8 cm. 11°7 cm. 

210 ,, 16°5 cm. 15°9 cm. 15°9 cm. 

214 ,, 20°4 cm. 18-3 cm. 16°9 cm. 

240 ,, 18 cm 18 cm. 18 cm. 

240 ,, 11:4 cm 8°8 cm. 8-4 cm. 

260 ,, 12°3 cm. cm. cm. 

275 ,, 15°7 cm 14°8 cm. 13°4 cm. 


It is evident from the statistics in table 31 that dilute solutions 
of lactic acid (5455) at temperature of 38°C., which may be considered 
the normal temperature of the embryo, retard the appearance of the 
inhibitory phenomena produced after the application of interrupted 
electric currents. In each of the experiments performed a stronger 
current was requisite to induce inhibition after the action of the lactic 


acid, and the consequent atonic condition of the embryonic heart. 


1 Gaskell, This Journal, m. p. 45. 1882, 
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A subsequent application of a yyhy5 solution of sodium hydrate restored 
the cardiac tone and frequency, and after its action there was usually a 
more or less complete return of the ordinary readiness to induce inhibi- 
tion by interrupted currents. 

At the lower temperature of 28°C. the action of the lactic acid, 
although the atonic condition of the cardiac myoplasm was more 
pronounced, did not increase to so marked a degree the strength of 
current requisite to induce cardiac inhibition. The average decrease of 
the distance of the coils requisite to induce inhibition after application 
of sats lactic acid to the heart was at 38°C. 18cm. and at 
28° C, 1°2 cm. 


(3) Action of Gases on Subsequent Action of Interrupted Currents. 


Piotrowski’ has put forward the view that the external conditions 
which induce allonomic disassimilation favour the appearance of inhibitory 
phenomena, instancing veratrin in support of his view, and conversely 
that circumstances which induce autonomic assimilation favour the 
appearance of contraction; as the accuracy of the theory has an im- 
portant bearing on the explanations put forward concerning inhibition, 
it is well to devise some simple series of experiments to put the matter 
to a test. 

The presence of an excess of oxygen instead of air hastens the 
metabolic changes in a tissue, and as Fano? has pointed out increases the 
cardiac frequency of the embryonic heart. Embryos therefore surrounded 
by an atmosphere containing an excess of oxygen should have more 
disassimilation going on in their tissues than those surrounded by air. 
Conversely if an embryo be surrounded by atmosphere containing 15°/, 
of carbon dioxide its cardiac frequency is diminished and concomitantly 
the metabolic activity of that organ is diminished, and theoretically 
there should be autonomic assimilation, with a consequent tendency on 
the application of a suitable stimulus towards contraction. 

As in the previous series of experiments the observations were 
conducted at various temperatures. In the next two tables a record is 
made of the action of interrupted currents when the embryos are sur- 
rounded by an atmosphere of Brin’s* oxygen. 


Op. cit. p. 192, 
* Fano and Badano. Archives Ital. de Biologie, xm. p. 387. 1890. 
* Brin’s oxygen contains 7°/, of a mixture of nitrogen and argon. 


a 
J 
4 


198 J. W. PICKERING. 
33. 
Embryo kept at 34° 0. 
Distance of coils Distance of coils to 
to induce inhi- induce inhibition when Increase of cardiac 
of bition in normal embryo is surrounded frequency after 
i wend embryo. by oxygen. action of oxygen. 
230 hrs 23 cm. 21°4 cm. 9 beats per min. 
240 ,, 19°8 cm. 19°7 cm. 99 
218 ,, 21°4. cm. 20°3 cm. 8 ” 
226 ,, 18°5 em. cm. 2 ” 
248 ,, 22-4 om. 21-2 cm. 8 » ” 
276 ,, 21°3 cm. 19°5 cm. See pa 
220 99 22 com. 24-2 cm. 9 ” ” 
224 ,, 22°5 cm. 24°2 cm. 6 
246 ,, 16°8 cm. 16°4 cm. 
250 ,, 187 cm. 17°1 om. ” 
250 ,, 22 cm. 23-4 om. 
TaBLe 34, 
Embryo kept at 38° C. 
Distance of coils § Distance of coils to 
in em 
217 hrs 20 cm. 21:3 om. 10 beats per min. 
220 ,, 19°8 cm. 19°75 cm. 
230 ,, 23 cm. 26 cm. 
246 ,, 21-7 cm. 18°8 cm. 
218 ,, 189 cm 19-5 cm. 4 » ” 
250 ,, 16°4 om 20°4 cm. 
250 ,, 16°8 cm. 23 cm, 
260 ,, 19°6 cm 17°75 cm, 
260 ,, 17°6 cm. 23°1 cm. 
275 ,, 20 cm. 17°9 cm. ie ‘a 
275 ,, 18-2 cm. 16°75 cm. 


If an interrupted current be applied to the hearts of chick-embryos 
surrounded by an atmosphere containing an excess of oxygen, and kept 
at temperatures above 38°C., even if the current be very weak (dis- 
tance of coils of inductorium 30 to 35 cm.), the result is no longer 
cardiac inhibition but pronounced delirium cordis, 

An inspection of the two preceding tables emphasizes the important 
réle played by temperature in modifying the action of interrupted 
currents on the heart in the presence of an excess of oxygen. At a 
temperature of 34°C., out of experiments on eleven different chick- 
embryos of ages varying from 217 to 275 hours, in six cases, after the 


aie 
‘3. 
F 
‘ 
3 
i 
q 
4 
a 


THE EMBRYONIC HEART. 199 


action of the oxygen, there was a decrease in the strength of current, 
in some cases of considerable amount, requisite to induce cardiac in- 
hibition, but in one of these cases the decrease in the strength of the 
requisite current amounted to only the amount due to an increase of 
‘6 cm. between the distance of coils. In the remaining five experiments 
there was an increase in the strength of current requisite to induce 
inhibition, after the action of the oxygen, which in three cases amounted 
to that produced by a decrease of the distance of’the coils of 2°9 cm., 
201 cm., and 2°1 cm. respectively, while in the remaining two experi- 
ments the decrease of the coils was ‘05 cm. and 1°55 cm. respectively. 
It is therefore evident that the influence of oxygen on the strength of 
current requisite to induce cardiac inhibition at 34°C. is very variable. 

The experiments conducted at 38°C. yield more constant results, 
eight show an increase in the strength of current requisite to induce 
inhibition. The increase requisite is however very variable, in one case 
being only that produced by decrease of the distance of the coils of 
‘1 cm., in two other cases of ‘2 cm., and in the most marked instance of 
37 cm. The average decrease of the distance of the coils in the seven 
cases is 1°45 cm., or excluding the one extreme experiment where the 
decrease was 3°7 cm., the average decrease between the coils was 1:2 cm. 
Of the three cases where after the application of oxygen there was 
at 38°C. a decrease of the strength of current requisite to induce 
inhibition, the increase in the distance of the coils was respectively 
22 cm., 1°7 cm. and 14cm. In every experiment the oxygen produced 
an increase of the cardiac frequency, so that the variation of strength of 
current cannot be associated with variations of cardiac frequency prior 
to its application. I cannot see an explanation of these variations, 
other substances exerting, in general, at a constant temperature, a 
remarkably constant action on the strength of current requisite to induce 
cardiac inhibition. It is however possible that the oxygen exerts a 
variable action on the metabolism of the heart, sometimes favouring 
allonomic disassimilation, while at other times favouring autonomic 
assimilation, or possibly both processes may be proceeding pari passu, 
and accordingly as one or the other is predominant the effect is made 
evident in the phenomena described above, or again it is possible that 
Piotrowski’s explanation will not adequately explain these results. 

Turning to the action of an atmosphere containing 15°/, of carbonic 
dioxide we find the results more constant, as is shown in the two 
following tables 
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TaBLe 35. 
Embryos kept at 38° OC. 
Distance of coils Distance of coils to Decrease of cardiac 
to induce inhibition induce inhibition after frequency in beats per 
of in the normal action of an atmosphere min. after action 
embryo. containing 15 °/, of CO,. of CO,. 

218 hrs 22 cm. 17-4 cm, 12 beats per min. 
220 ,, 21°8 cm. 18°8 cm. 

218 ,, 20°6 om. 19 cm. 

230 ,, 22 cm. 16°75 cm. > ” 

245 ,, 19°75 cm. 16°8 cm. 

275 ” 20 cm. 17 cm. 15 ” ” 

275 ,, 18°8 cm. 14°4 om, 22. 

36. 
Embryos at 28° C. 
Distance of coils Distance of coils to Decrease of cardiac 
to induce inhibition induce inhibition after frequency in beats per 

m Pg in the normal action of an atmosphere min, after action 
em embryo. containing 15 °/, of CO,. of CO,. 

220 hrs 21°4 cm. 16°4 cm. 30 beats per min. 
218 ,, 19°8 cm. 14°8 om. 42 

230 ,, 22°5 cm. 13°7 cm. 

240 ,, 20 cm. 15°4 cm. ” ” 

275 ,, 19-7 cm. to zero. 

275 ,, 18°5 cm. — to zero. 


It is evident that though carbonic dioxide decreases the tone of the 
embryo-chick’s heart, that it also decreases the tendency towards inhibi- 
tion by interrupted electric currents, and although these experiments 
are dissimilar in results, as regards the influence of the tone on inhibi- 
tion, to those of Piotrowski on the inhibition of the limb-muscles of 
Astacus, yet they, in some respects, support his views as regards the 
influence of anabolic and katabolic processes as favouring contraction 
and inhibition respectively, 

The carbon dioxide besides depressing the frequency of the cardiac 
rhythm, in all probability retards the anabolic processes, which normally 
proceed part passu with the contractions of the cardiac myoplasm, and 
consequently as contractions are still occurring, the amount of disassimi- 
lation exceeds the amount of autonomic assimilation, with the consequence 
that a stronger interrupted current is required to produce cardiac in- 
hibition than under normal conditions, The same explanation would 
apply to the action of a low temperature on the amount of current 
requisite to induce cardiac inhibition—the retardation due to fall of 
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temperature on the processes of autonomic assimilation being more 
pronounced than the retardation of the processes of disassimilation 
associated with the reduced force and frequency of the cardiac rhythm. 

In comparing these results with those of Piotrowski’ it is im- 
portant to bear in mind that the metabolic processes occurring in the 
myoplasm of the embryonic heart are much more active than those 
occurring in the limb-muscles of the crayfish, and that the process of 
autonomic assimilation probably proceeds more pari passu with that of 
allonomic disassimilation than in the case of the limb-muscles of the 
crayfish. 

Also the crayfish being a cold-blooded animal it is probable that 
variations of its temperature do not affect the normal processes of 
autonomic assimilation to such a degree as on the warm-blooded chick- 
embryo, where the normal processes of assimilation are carried on within 
comparatively narrow limits of temperature. 

If early chick-embryos (aged 60 to 150 hrs.) be surrounded by an 
atmosphere of Brin’s oxygen, and subjected to the influence of inter- 
rupted electric currents, the increase of force and frequency which 
normally results from the application of weak currents (distance of the 
coils 30 to 50 cm.) is augmented by the presence of the oxygen, and if 
the current be increased in strength ‘delirium cordis’ results. The 
appearance of delirium cordis is obtained with much weaker currents in 
an excess of oxygen than in air. Thus at a constant temperature of 
38° C. delirium cordis was obtained in an atmosphere of air in an 85 hour 
embryo, with the coils 18 cm. apart, and in atmosphere of oxygen when 
the coils were 35 cm. apart. 

Turning to the influence of dilute solutions (015 mg.) of muscarin 
nitrate, on the cardiac inhibition produced by interrupted currents on 
older chick-embryos, we may note that there is a depression of the 
cardiac frequency, and a pronounced atonic condition associated with a 
decrease of the strength of current requisite to induce cardiac inhibi- 
tion, but the experiments of Gaskell, which show that during muscarin 
stoppage anabolic processes are probably proceeding, are strikingly in 
accord with these results, where the muscarin depression favours the 
appearance of cardiac inhibition. Further, the fact that a restoration of 
the force and frequency of the cardiac rhythm of the chick-embryos by 
subsequent application of atropin sulphate (vide table 26) is accom- 
panied with a decrease of the tendency towards inhibition, and a 


1 Op. cit. 
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consequent increase of the strength of the current requisite to induce 
cardiac inhibition, which shows that although the atropin sulphate 
apparently “restores” the rhythm, yet it causes a greater increase of 
katabolic than of anabolic processes. 


(4) The significance of the preceding Experiments. 


Prominent amongst the rival explanations of the phenomena of 
inhibition is the view associated with the name of Claude Bernard’, 
that it is due to the interference of “nerve impulse waves” in their 
passage along the nerve fibre. In the case of cardiac inhibition, 
Ranvier’ in his careful review of this theory suggested that the 
interference took place in the spiral ganglion cells of the heart, the 
“nerve impulse wave” taking a longer time to travel through the spiral, 
than the direct portion. More recent writers associate inhibitory 
phenomena with changes in the terminations of the nerves. Others 
believe that these phenomena are intimately associated with metabolic 
changes, and in the case of cardiac inhibition, that the more important 
changes take place in the heart-muscle itself. The experiments I have 
recorded on chick-embryos prior to the development of their intrinsic 
cardiac nervous mechanism, show that during the absence of nervous 
elements from the heart the application of interrupted currents fails to 
produce inhibition, and that the period during which the failure to 
induce inhibition occurs, fairly corresponds to the time during which 
muscarin nitrate and atropin sulphate fail to exhibit their typical 
action on the embryonic heart. On older embryos at the time when 
muscarin nitrate and atropin sulphate exhibit their typical antagonistic 
action the applicafgon of a weak interrupted current produces typical 
inhibition, while stronger currents induce delirium cordis, in a manner 
similar to their action on earlier embryos. In this connection, I would 
recall the previously cited observation of Dew-Smith that the applica- 
tion of interrupted currents to the heart of “Salpa” fails to induce in- 
hibition and that Krukenberg’ found that the heart of this type 
is not affected by the application of muscarin nitrate. Again, Foster’s‘ 
observations that snails’ hearts are inhibited by interrupted currents, 
correspond with the fact that they are typically influenced by muscarin 

1 Bernard. Quoted in Brunton’s Pharmacology, vol. 1. p. 325. 1891. 

2 Ranvier. Legons d Anatomie Générale. 1877—8, p. 106 et seq. 

* Krukenberg. Vergleichend-physiologische Studien, Dritte Abth. Heidelberg, 
1880, 8. 151. 

* Foster. Op. cit. 
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nitrate and atropin sulphate. There is therefore apparently a more 
than coincident correspondence between the action of these drugs and 
of interrupted electric currents on the heart. 

Further, a study of the inhibition of the hearts of older chick- 
embryos shows a striking similarity to the inhibitory phenomena 
described by Pawlow', Richet? and more accurately by Piotrowski’, 
as characteristic of the action of interrupted electric currents on limb- 
muscles of crayfish. It will be also evident that variations of external 
conditions which influence the cardiac tone, or modify the metabolic 
changes in the cardiac myoplasm, profoundly influence the effect of 
interrupted currents on the embryonic heart, and consequeutly the 
resulting inhibitory phenomena. Thus the application of caffein, 
digitalin or veratrin, variations of the surrounding temperature, an 
excess of either oxygen or of carbonic dioxide markedly influence the 
phenomena of inhibition. These agents also modify the action of 
interrupted currents on embryos prior to the development of their 
cardiac nervous mechanism, and thus it becomes evident that the 
phenomena of cardiac inhibition are influenced by two series 
of processes, both essential, viz. those taking place in the 
nervous elements, and those confined to the contractile 
tissue. The condition of the contractile tissue plays an all important 
part on the effect of the stimulus produced by an interrupted electrical 
current, nevertheless, these experiments apparently decide that the 
nervous elements are not only essential, but that they play the more 
important part in the phenomena of inhibition. 

The absence of spiral ganglion cells at a time when cardiac inhibi- 
tion was easily obtainable, entirely negatives the interference theory of 
Bernard and Ranvier, It would also appear not improbable that the 
final terminations of the cardiac nerve play the chief réle in inhibition, 
and if an analogy can be safely drawn to the inhibitory phenomena in 
the limb-muscles of decapods and other types, that in these types the 
inhibitory phenomena are also associated with changes taking place in 
the final terminations of the nerves. Here again the metabolic condi- 
tion of the contractile tissue probably determines the effect of the 
stimulus. 

The association of the phenomena of inhibition with anabolic 
processes, and those of contraction with katabolic processes, in the 


1 Pawlow. Pfliiger’s Archiv, xxvm. 
2? Richet. Archiv de Physiologie, 1879. 
3’ Piotrowski. This Journal, xtv. p. 163. 1893. 
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contractile tissue of the heart is supported by the observations here 
recorded, which in some respects support the theories of Gaskell and 
Piotrowski’ concerning the nature of inhibition. Nevertheless it is 
evident that more stress should be laid on the réle played by the nerve 
terminations than has been done by recent writers on the subject. 


(5) Action of Constant Currents on the Hearts of Chick-embryos. 


Preyer’ states that constant currents have no action on the hearts 
of chick-embryos. This statement is true only as regards very weak 
currents, or where the contact of the electrodes is imperfect. In my 
experiments the ordinary non-polarisable electrodes were used, and the 
current conducted from china-clay terminals to heart by means of silk 
threads soaked in normal saline. Currents of moderate strength’ 
increase the force of frequency of the rhythm of both early and later 
embryos. The average increase of cardiac frequency in 20 experiments 
on embryos of ages varying from 60 to 300 hours was 6 beats per 
minute. In no case did the application of a constant current produce 
inhibition. Ifa current of moderate strength’ be applied in a direction 
the reverse of that of the cardiac contraction wave, to embryos aged 
from 40 to 60 hours, their heart rhythm becomes reversed. Stronger? 
currents applied in the direction from ventricle to auricle, will reverse 
the rhythm of older embryos, but it becomes more difficult to reverse 
the cardiac rhythm as the embryo increases in age. It should be noted 
that these results correspond with those of Mc William‘ on eels’ hearts 
and of Foster’ and Dew-Smith on snails’ hearts, and that they are 
obtainable both before and after the development of the cardiac nervous 


system. 


(6) Influence of Constant Currents on the Subsequent Action of — 
Interrupted Currents on the Hearts of Chick-embryos. 


If a constant current of moderate strength be applied to the hearts 
of chick-embryos aged up to 120 hours, for two or three minutes, and 
immediately afterwards a weak interrupted current be passed through 
them, there is a pronounced increase of the force and frequency of the 


1 Op. cit. 

? Currents spoken of as of moderate strength = 1 milliampére. 

5 Stronger currents=15 milliampéres. A commutator in the circuit varies the direction 
of the current. 

*MeWillian Proc. Roy. Soc, xxxvu1. p. 108. 

5 Op. cit. 
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cardiac rhythm, Further, the strength of the interrupted current 
requisite to produce delirium cordis is much less after the application 
ofa constant current than under ordinary conditions, This effect 
however is only observed immediately after the action of the constant 
current, and progressively decreases, so that after an interval of 4 
minutes from the time of the passage of the constant current, the 
condition of the heart becomes normal. These points are summarized 
in the following table :— 


Tasie 37. 
Embryos kept at 38° C. 


Distance of coils neces- Distance of coils neces- Distance of coils neces- 
to indude delirium sary to induce delirium 


Age of cordis before action of is immediately after cordis 4 mins. after 
embryo. constant current. action of const. current. action of const. current. 
60 hrs 16 cm. 24 cm 15°3 om. 

75 ,, 17 cm. 18 cm. cm. 

75 ,, 15°8 cm. 15°9 cm. 16 cm. 

» 21 cm. 26 cm. 20°8 cm. 
110 ,, 16°4 cm. 22 cm. 16°7 cm. 
110 ,, 14°8 cm. 17 cm. 15 cm 
120 ,, 20 cm. 24°3 cm 20°1 cm. 
120 ,, 19°8 cm. 25°6 cm. 20°2 cm 
120 ,, 19°4 cm. 247 cm 19°5 cm. 


In embryos aged from 200 hours and upwards the application of 
the constant current also influences the effect of interrupted currents 
if they are applied immediately afterwards, as shown in the next 
table :— 


Taste 38. 
Embryos kept at 38°C, 
Distance of coils Distance of coils 


eo requisite to induce requisite to induce 
inhibition before inhibition immediately inhibition 4 mins. 


pal action of constant after action of constant after action of const. 
current. current. current 
206 hrs 24°3 cm. 27 cm. 23°7 cm. 
208 ,, 26 cm. 28-5 om. 26°1 cm. 
208 ,, 19°8 cm. 24°6 om. 19°9 cm 
210 ,, 20 cm. 23 cm. 19°9 cm. 
210 ,, 22 cm. 24 cm. 21°6 cm. 
215 ,, 21 om. 21°7 cm. 21°4 cm. 
215 ,, 22 cm. 25 cm. 22-2 cm. 
250 ,, 18°7 cm. 22°6 cm. 18°6 cm. 
250 ,, 21-1 cm. 23°8 cm, 20°9 om. 


It is obvious that the effect produced by the constant current, is to 
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decrease the strength of the interrupted current requisite immediately 
afterwards to induce cardiac inhibition :—that is, the constant current 
favours the appearance of inhibitory phenomena, although it increases 
both the force and frequency of the embryo’s heart rhythm. 

In the observations recorded in the two preceding tables, the 
constant current was not allowed to pass through the embryos’ hearts 
for more than 4 minutes. If, however, the current be allowed to pass 
for a longer period through the hearts the result is different, although 
there is apparently no change in the force and frequency of the rhythm 
from that produced by the passage of the current for a short time. 

In earlier embryos the passage of a constant current for 30 minutes 
decreases the tendency towards the heart delirium produced by the 
subsequent application of weak interrupted currents :—that is, a stronger 
interrupted current is necessary to induce heart delirium than under 
ordinary conditions. The next table embodies these results :— 


TaBLe 39. 
Embryos kept at 38° C. 
Distance of coils to Distance of coils to 
Distance of coils to induce heartdelirium produce heart 
induce heart delirium after the passage of after the constant 
Age of under normal a constant current current has been off 
embryo. conditions. for 30 mins. for 8 mina. 
75 hrs 16°7 cm. 15°1 cm. 16cm. 
158 ,, 10°8 cm. 16°3 cm. 
75 ,, 159 ,, 12-4 cm 14°8 cm. 
80 ,, 17°4 ,, 15 em. 16°3 cm. 
82 ,, 163 ,, 13 em. 14°5 cm. 
82 ,, 16 cm. 15°8 cm. 
96 ,, 152 ,, 9 om. 15 cm. 
96 ,, 15°3 ,, 11°4 cm 14°4 cm. 
110 ,, 148 ,, 13 cm. 13°9 cm. 
110 ,, 149 ,, 8 cm. 13°8 cm. 


In older embryos after the passage of constant current for 30 
minutes, the strength of the interrupted current requisite immediately 
afterwards to produce inhibition is greater than that necessary to 
produce inhibition under normal conditions. The effect of the constant 
current, however, rapidly passes off, so that 8 minutes afterwards inter- 
_ rupted currents of the strength necessary to induce inhibition under 

normal circumstances will usually again induce inhibition. The next 
table records these results :— | 
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Taste 40. 
Embryos kept at 38°C. 


induce cardiac inhi- bition after the ; 


of bition under normal passage of a const. current has been off 

em conditions. current for 30 mins. for 8 mins. 
250 hrs 21°4 cm. 17°4 om. 20-1 cm. 

250 ,, 23°6 cm. 16°3 cm. 22°4 em. 

300 22-7 cm. 20 cm. 22-3 em. 

300 ,, 22°6 cm. 19°3 cm. 20 cm. 

220 .,, 19°9 om. 19°3 cm. 20 cm. 

220 ,, 18°6 cm. 17°4 om. 18-5 cm. 

240 ,,. 21 cm. cm. 20°3 cm. 
240 ,, 20°4 cm. 18-2 cm. 19°7 cm. 


A comparison of these last two tables with the two preceding ones 
will show that the results obtained after the prolonged passage of a 
constant current, are the converse of those obtained after the current 
has only passed for a short time through the heart. A possible 
explanation of this result is that the prolonged passage of a constant 
current induces anabolic phenomena in the cardiac myoplasm, and 
consequently increases the tendency towards contraction and decreases 
the tendency towards inhibition. The subject is however a difficult one 
and requires further investigation. 

Variations of the temperature of the embryo influence the effect 
produced by constant current, thus at sub-normal temperatures (e.g. 
26 to 32°C.) a sironger constant current is necessary to increase the 
force and frequency of the cardiac rhythm than at 38°C., while at 
hyper-normal temperatures a weaker constant current will produce an 
increase of both force and frequency with cardiac rhythm. A probable 
explanation of the failure of Preyer’ to obtain any results on embryo- 
chicks’ hearts after the application of a constant current, is that the 
method he adopted cooled the embryos and consequently rendered them 
very resistant to its influence. 

Variations of the temperature of the embryo also influence the 

effect produced by an interrupted current, immediately after the passage 
of a constant current through the heart, lower temperatures making 
the phenomena observed less pronounced, higher temperatures ac- 
centuating them, but not altering their nature. This result is ~ 
embodied in the next eight tables, where the effects produced by the 
passage of a constant current for 30 and 4 minutes respectively at — 


1 Op. eit. 


Distance of coils to Distance of coils to ; 
bition after the const. 
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temperatures of 28° C. and 42° C. are recorded both on earlier and later 


chick-embryos. 
TaBLe 41, 
Embryos kept at 28° C. 
Distance of coils to Distance of coils to 
Distance of coils to induce heart deliriam produce heart delirium 
induce heart delirium after passage of after the constant 
of under normal a constant current current has been off 
Bn won conditions. for 80 mins. for 8 mins, 

60 hrs. 17°8 cm. 16°4 cm. 17 cm. 

18 16°4 cm. 16°3 cm. 16°5 cm. 

7 & 17°4 cm. 17°1 cm. 18 em 

80 ,, 16°3 cm. 15°8 cm. 16 cm. 

80 ,, 18°7 cm. 18°6 cm. 18°6 cm. 

95 ,, 15°4 em. 15°4 cm, 16°7 cm. 

95 ,, 16°8 cm 16°7 cm. 16°7 cm. 
100 ,, 15°9 cm. 15 cm 15°5 cm. 
100 ,, 17°3 cm. 14 cm. 16-9 om 

TABLE 42. 
Embryos kept at 28° C. 
Distance of coils to Distance of coils to 
Distance of coils to —_ induce cardiac inhi- induce inhibition 
induce cardiac inhi- _ bition after passage after current 
Age of bition under normal _ of constant current has been off for 
conditions. for 80 mins. 8 mins, 
250 hrs 21°6 cm. 19°3 cm. 21°4 cm. 
250 ,, 43°4 cm. 22°7 cm. 23°4 cm. 
275 ,, 22°7 om. 21°4 om. 22°5 cm. 
275 ,, 23°8 cm. 23 cm. 22-7 cm. 
300 ,, 19°4 cm. 19°7 cm. (?) 19°5 cm. 
300 ,, 20-4 cm. 18°3 cm. 20°3 cm. 
250 ,, 21°3 cm. 19°7 cm. 20°1 cm. 
250 ,, 20°3 cm. 18°9 cm. 20°2 cm. 
TaBie 43. 


Embryos kept at 42°C. 


Distance of coils Distance of coils 
necessary toinduce necessary to induce necessary to induce 
delirium cordis before delirium cordis after delirium cordis 4 mins. 
action of constant action of constant after action of con- 
current. 


current for 4 mins. stant current. 
cm. 20-4 om. 
23°8 cm. 20°3 cm. 
22-4 cm. 21 cm 
27 cm. 21 cm. 
cm. 22°4 cm. 
25°3 cm. 20 cm. 
26°4 om. 23 cm. 
30 cm. 25 cm. 
27°1 cm. 21°3 cm. 


Age of 
embryo. 
| 56 hrs 18°75 cm. 
75 ,, 19 cm. 
75 ,, 20 cm. 
: 80 ,, 21 cm. 
80 ,, 18°9 cm. 
§ 110 ,, 20 cm. 
21°3 cm. 
: 120 ,, 22 cm. 
120 ,, 21°4 cm, 


current. 
26°3 cm. 
26 cm. 
cm. 
24°3 cm. 
20°1 cm. 
22°4 cm. 
23-7 cm. 
24°8 cm. 
25°7 cm. 
26°4 cm. 


Distance of coils to 
induce inhibition inhibition immediately 
before action of after action of constant 

constant current. 
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Taste 44. Embryos kept at 42°C. 


Distance of coils 
requisite to induce 
inhibition before 
action of constant 


TasLe 45. Embryos kept at 28° 0. 
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Distance of coils Distance of coils 
requisite to induce uisite to induce 
inhibition after bition 4 mins. 
action of constant after action of 
current for 4 mins. constant current. 
29°4 cm. 27°1 cm. 
28°7 cm. 28 cm. 
25°3 cm. 23 cm. 
26°7 cm. 24°5 cm. 
24°8 om. 21°3 cm. 
23°7 cm. 22°5 cm. 
26°5 cm. 23°6 cm. 
30°8 cm, 25-2 cm. 
28°4 cm. 25°1 cm. 
29°3 cm. 26°7 cm. 
Distance of coils to Distance of coils to 
induce heart delirium _ produce heart delirium 
immediately after the 4 mins, after passage ° 
passage of a constant of a consant 
current for 4 mins. current. 
16°9 cm. 15°7 cm 
23 cm. 20 cm 
22 cm. 20°1 cm 
19°8 cm. 18°3 cm. 
17°75 cm 15°9 cm. 
20°3 om. 17°3 cm 
18°1 om. 16 cm. 
19°3 cm. 17°75 cm 
18°4 cm, 18-1 cm 
Embryos kept at 28°C. 
Distance of coils Distance of coils 
requisite to induce uisite to induce 
ibition 4 mins. 
after passage of 
current for 4 mins, constant current. 
25°3 cm. 24°1 cm. 
25°9 cm. 23 cm. 
24°6 cm 22°9 cm. 
28 cm. 24°8 cm. 
27°2 cm 25:1 cm. 
23 cm 20°9 cm. 
20 cm. 19°8 cm. 
21°6 cm. 21 cm. 
19°4 cm 19 cm. 
22 cm. 20°3 cm. 
21°3 om. 20°4 cm. 


of 
205 hrs 
206 ,, 
208 ,, 7 
210 ,, 
210 ,, | 
215 
215 ,, 
240 ,, 
250 ,, 
250 ,, 
Distance of coils . 
to induce heart 
= of delirium under 
embryo. normal conditions. 
59 hrs 15°8 cm. q 
75 ,, 27 cm. 
75 ,, 20 cm. 
18°4 cm. 
80 ,, 16°8 cm. 
100 ,, 16°7 cm. 
100 ,, 15°9 cm. 
cm. 
,, 17°5 cm. 
TaBie 46, 
of 
205 hrs 24°2 cm. 
206 ,, 25°8 cm. 
207 ,, 23°2 cm. | 
208 ,, 25 cm. ; 
208 ,, 25°6 cm. 
212 ,, 21°4 cm. 
212 ,, 19°8 om. : 
215 ,, 21°3 om. 
240 ,, 18°75 cm. 
256 ,, 21°4 cm. ; 
250 ,, 20°8 cm. | 
PH. XX. 
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Taste 47. 
Embryos kept at 42° C. 


Distance of coila to induce heart delirium heart delirium 
induce heart delirium after of after the constant 
ve. ad under normal constant current current bas been 
em conditions. for 80 mins. off for 8 mins. 
60 hrs 18°3 om. 30°4 cm 17°9 cm 
75 17°8 cm. 12°8 cm 16°3 cm 
80 ,, 16°3 cm 11°9 em 13°2 om. 
80 ,, 17-1 cm 16°8 cm. 16°8 cm 
100 ,, 15°8 om. 9-7 cm. 12°4 cm 
110 ,, 16°5 cm. 13°1 cm. 15 cm. 
120 ,, 17°9 cm. 14°5 cm. 16°5 cm. 
TaBie 48. 


Distance of coils to induce inhibition induce inhibition 
induce inhibition after the passage of after the constant 
— under nurmal a constant current current has been off 
embryo. conditions. for 30 mins. for 8 mins. 
250 hrs 23°4 em. 16°4 cm. 22-4 cm. 
250 ,, 23°6 cm. 16°9 cm. 23 cm. 
275 ,, 22°8 cm. 18-2 cm. 21-4 om. 
275 ,, 19°6 cm. 15°8 cm. 19°8 cm. 
275 ,, 20°1 cm. 16 cm. 17 cm. 
240 ,, 18-7 cm. 15°7 cm. 18-4 em. 
240 ,, 21 cm. 17°1 cm. 18°7 cm. 
300 ,, 20°3 cm. 17°3 em. 19 cm. 
300 ,, 19°7 cm. 16°3 cm. 19°3 om. 


It is evident from the preceding tables that the temperature of the 
embryo influences to a marked degree the action of a constant current, 
on the subsequent effects produced by an interrupted current. 


(7) Action of Single and a Series of Induction Shocks on the 
Hearts of Chick Embryos. 


If a single induction shock be applied during the diastolic phase to 
the heart of an early chick-embryo (aged 60 to 120 hours) it is found 
that an additional heart beat is interpolated in the rhythm. A similar 
result is obtained if a number of shocks be applied during the diastolic 
phase, providing the number does not exceed a certain amount, which 
apparently varies with each individual embryo. Thus if ten induction 
shocks be applied in a minute to an embryo, which has a cardiac rhythm — 


‘ Distance of coils to Distance of coils to 

Embryos kept at 42°C. 
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of 80 beats per minute, there is usually a resulting increase of 10 beats 
per minute in the cardiac frequency, as well as an augmentation of its 
force; but if 20 induction shocks be applied to an embryo, with a 
cardiac frequency of 50 beats per minute, the average number of 
additional beats in four experiments was 15. If 20 shocks per minute 
_ be applied to an embryo with a cardiac frequency of 120 beats per 
minute, there is an increase of 20 beats per minute as the result. If a 
single, or a series of single induction shocks be applied during the 
systolic phase of the embryos’ cardiac rhythm, the result is more 
variable, the result being sometimes the interpolation of an additional 
beat corresponding with the stimulus, and at others an apparent slight 
increase in the force of the systole. The number of the series of 
induction shocks that will produce heart delirium is also very variable, 
and seems to be governed by the frequency, tone, and temperature of 
the heart, since all these factors cause great alteration in the number of 
shocks requisite to induce heart delirium. The next table summarises 
these various results :— | 


49. 
Distance of the coils throughout the experiments, 15 cm. 


of heart applied quency Remarks on resulting 

at 88° ©. gad resulting 

56 hrs 60 per min. 8 8 Normal. 

56 ,, 10 10 do 

60 ,, = 15 15 do. 

60 ,, 20 Slightly stronger than 
75 20 20 normal. 

75 100_—S,, 20 16 do. 

80 ,, 120. 40 Heart delirium. 

80 ,, 40 — do. 
100 ,, 108_—éi,, 30 30 Weaker than normal 
100 ,, 106_—Séi, 30 30 do. 
120 ,, 40 46 do, 
120 ,, 40 Heart delirium. 


If a single induction shock be applied to older chick-embryos (250 to 
300 hrs.) the result is similar, but a series of shocks will sometimes 
cause an augmentation and increase of frequency of the rhythm, and in 
others if the number of the stimuli be sufficiently great, either cardiac 
inhibition, or in other cases heart delirium results. Here again the tone, 
frequency, and temperature of the heart play an all-important part. 
The next table summarises the results obtained at 38° C. :— | 


14—2 


No. of induc- Increase of E 
of tion shocks cardiac fre- 
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TABLE 50. 
Distance of the coils throughout the experiments, 15 cm. 
embryo rhythm shocks of cardiac Remarks on resulting 
in hrs. at 38°C. per ‘ frequency. rhythm. 
250 112 12 12 Apparently normal. 
250 120 20 20 Slightly stronger. 
260 115 40 37 . Weaker than normal. 
260 96 60 — Inhibition. 
275 108 65 — do. 
275 100 65 -- do. 
300 110 70 — do. 
300 115 50 — Heart delirium. 
240 116 45 43 do. 
240 118 60 — Inhibition. 


If the temperature of the embryos be hypernormal, e.g. 42° C., the 
result is different, as is shown in the following table :— 


Taste 51. 
Distance of the coils throughout the experiments, 15 cm, 

Age of of heart 
embryo rhythm shocks applied § of cardiac Remarks on resulting 
in hrs. at 42°C per ain. frequency. rhythm. 

240 126 45 — Heart delirium. 

240 130 60 — do. 

250 118 12 12 Stronger than normal. 

250 122 20 20 do. 

260 140 40 46 Heart delirium. 

260 132 60 do. 

275 116 65 — do. 

275 108 70 — Inhibition. 

300 118 50 — do. 

300 102 45 — Partial inhibition. 


At 42° C. it will be noted that only once was inhibition obtained by 
a series of single induction shocks, in the other experiments heart, 
delirium resulted. 


In a similar series of experiments where the embryos were kept at 
28° C., the result was as follows :— 
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Taste 52. 


Distance of the coils throughout the experiments, 15 cm. 
No, of 


of uency induction 
em shocks of oar Remarks on resul 
in hrs. 20. rhythm. 
240 108 Characteristics unchanged. 
240 102 60 — Inhibition. 
250 78 12 12 Characteristics unchanged. 
250 100 20 20 do. 
260 67 40 — do. 
260 82 60 — Inhibition. 
275 104 65 — Heart delirium. 
275 98 70 — Inhibition. 
300 98 50 30 Weaker than normal. 
30) 82 45 24 do. 


Again, the strength of the current. varies the effect produced, which 
again varies with the temperature of the embryo. Thus at the higher 
temperatures of 39° to 42°, a stronger series of induction shocks (distance 
of coils 6 to 10 cm.) tends to inhibition, while a series of equal number 
but of less strength (distance of coils 15 to 25cm.) will induce heart 
delirium.’ At a sub-normal temperature the converse usually holds good, 
thus a series of shocks with the coils close together is more likely to 
produce heart delirium than the same number of shocks with the coils 
farther apart. Also the result produced varies with number and 
strength of the shocks, fewer stronger shocks applied at greater intervals 
of time, producing a similar effect as the larger number of weaker 
shocks applied over lesser intervals of time. | 

The following are therefore the factors which control the result 
produced by a series of single induction shocks on the hearts of 

(a) Temperature of the heart. 
(6) Frequency of the shocks. 
(c) Strength of the shocks. 
(d) Age of the embryo. 

The result may be either :— 

(a) Augmentation of force, and increase of frequency of the 
cardiac rhythm. 

(8) Increase of frequency, accompanied by decrease of the force 
of rhythm. 

(y) Heart delirium (if number of shocks exceed 4$ cardiac fre- 
quency). 
(8) Inhibition (if number of shocks exceed $ cardiac frequency). 
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(8) The action of Single, and a Series of Induction Shocks, on the 
subsequent action of interrupted currents on the Hearts of Chick- 
embryos. 


Apparently the application of a single induction shock does not 
influence the result produced by the application immediately afterwards 
of an interrupted current. A series of shocks, if of sufficient intensity 
and repeated sufficiently often, produce a result on the immediate 
subsequent action of an interrupted current like that described in 
section 1, part IL as characteristic of an interrupted current if applied 
immediately after the action of another interrupted current. The 
minimum number of shocks per minute to produce this effect is 
apparently about one-half the number of the cardiac frequency in a 
given embryo. The strength of the shocks should not be less than that 
obtained when the distance of the coils does not exceed 25 cm., but 
more marked results are obtained when the coil distance is from 15 to 
20cm. The effect produced on the subsequent action of an interrupted 
current rapidly passes off, in a manner similar to the action of one 
interrupted current on the subsequent action of a second interrupted 
current. Ifa series of single induction shocks not able to induce either 
heart delirium in earlier or cardiac inhibition in later embryos be passed 
for two or three minutes through the cardiac myoplasm, the distance of 
the coils necessary to induce either heart delirium or cardiac inhibition 
on the subsequent application of an interrupted current is more than 
under ordinary circumstances (1.¢. the strength of current is less). If 
the series of induction shocks be passed through the cardiac myoplasm 
for a comparatively long time (¢.g. 30 minutes), the distance of coils of 
subsequent interrupted currents, requisite to induce either heart delirium 
or cardiac frequency is less (i.e. the strength of requisite current is 
greater). These results are parallel to those obtained with interrupted 
and constant currents (see tables 37 to 48). 


(9) The action of Single, and a Series of Induction Shocks, constant 
and interrupted currents, on the Hearts of Mammalian embryos. 


The embryos used were those of rats, rabbits, and dogs., In the 
experiments to determine the time of inhibition, the observations were . 
made both in situ in the mother, and on excised embryos in the 
observing incubator. All other observations were made on excised © 
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embryos in the observing incubator, and except where otherwise stated 
the embryos were bathed in normal saline. 

(a) Single induction shocks. The application of a single induction 
shock during the diastolic phase to the heart of a mammalian embryo 
interpolates a beat corresponding with the application of the shock. If 
applied during the systolic phase the result is variable, an additional 
beat sometimes resulting, at others a mere strengthening of the systole. 

(6) A series of induction shocks. The results with the embryos of 
dogs, rabbits and rats closely correspond with the results recorded in 
section 8 (tables 48 to 51) as characteristic of the action of a series of 
shocks on chick embryos. Allowance should be made for the fact that 
the cardiac frequency of mammalian embryos is lower than that of 
chick embryos, and consequently a smaller number of shocks produce 
either delirium cordis or cardiac inhibition, according to the age of the 
embryo. The general remarks (with this observation), as regards the 
effect of temperature variations, on the effect produced by induction 
shocks on the hearts of chick-embryos apply to mammalian embryos. 

In the next table is the récord of a series of induction shocks of dog 
embryos kept at 38° C. 

TaBie 53. 
Distance of coils throughout experiments, 15 cm. 
No, of Increase 
odd shocks of cardiac 
em Frequency of heart applied frequency Remarks on resulting 
. ting. rhythm. 


8 20 beats per min. 8 8 Stronger than normal. 
8 22 10 10 do. 

10 15 — Delirium cordis. 

14 24 12 12 Stronger than normal. 

14 21 — Delirium cordis. 

15 20 24 — Inhibition 

16 7 ‘ 12 12 Weaker than normal, 

beats fluttering. 

16 is ,, 15 Inhibition. 

16 24 20 — do. 

17 20 ,, 16 do. 


As on the chick embryo, the following factors control the result 
produced by a series of induction sheeks on the hearts of dog, rat and 
rabbit embryos, (1) The temperature of the heart. (2) The frequency 
of the shocks. (3) The strength of the shocks. (4) The age of the 
embryo. The result of the shocks may be manifested as (1) An 
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augmentation of the force, and an increase of the frequency of the rhythm. 
(2) An increase of the frequency, accompanied by a decrease of the 
force of the rhythm. (3) Heart delirium, if the number of shocks 
exceeds half the number of heart beats per minute. (4) Cardiac 
inhibition on older embryos, when the number of shocks exceeds half 
the number of heart beats per minute. 

It is unnecessary to burden this already lengthy paper with the 
statistical records on which these generalisations are based, as they are 
similar to those recorded in the case of chick-embryos. 

(c) Constant Currents. Here again the description given of the 
action of constant currents on chick-embryos in section 5 applies to 
mammalian embryos. The influence of constant currents on the subse- 
quent action of interrupted currents is also the same on the mammalian 
as on the embryo chick’s heart. 

(d) Interrupted Currents. These produce either delirium cordis or 
inhibition, according to the age of the embryo, On earlier embryos, 
interrupted currents (of strength when the distance of the coils is from 
15 to 20 cm.) produce delirium cordis, on later embryos (16 to 18 days 
on the dog or cat) cardiac inhibition. It is very difficult to pronounce 
the exact age at which an interrupted current will produce cardiac 
inhibition, and although I have made a considerable number of experi- 
ments to determine the point I am not in a position to make a definite 
statement. It is however clear that on early embryos (up to eight 
days) interrupted currents fail to produce cardiac inhibition. All the 
same factors which influence the appearance of either delirium cordis, 
or cardiac inhibition, on chick-embryos also influence the appearance on 
mammalian embryos. 

The action of caffein, digitalin, veratrin, muscarin nitrate and atropin 
sulphate, dilute acids and alkalis, oxygen and carbon dioxide on the 
effects produced by interrupted currents is the same as recorded on the 
chick's heart. 


PART IIL 


GENERAL CONCLUSIONS. 
The principal points to which this paper calls attention may be 
summarised as follows : 


1. The hearts of mammalian embryos (rat, dog, rabbit and cat) will, 
if kept under proper conditions, beat with a rhythm constant for each 
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individual embryo, even when they are excised from the mother; and if 
supplied with suitable nutrient material (e.g. a mixture of the mother’s 
blood and “75 °/, NaCl) they will maintain a fairly constant rhythm for 
three or four days. They are very susceptible to variations of tempe- 
rature. Special precautions were taken to maintain them at the 
desired temperatures. 

2. If mammalian embryos are surrounded with a nutrient fluid 
consisting of equal parts of the blood of another species and °75°/, NaCl, 
irregularities of their cardiac rhythm are observed. If the surrounding 
medium is a mixture in equal parts of egg albumen and °75°/, NaCl, 
the irregularities of the cardiac rhythm are not so marked as when the 
surrounding medium is the blood of another species. 

3. Embryos surrounded by this mixture of eyg albumen and 
‘75°/, NaCl, maintain a fairly strong rhythm even after three days’ 
immersion. 

4. Embryos surrounded by °75°/, NaCl alone, will sometimes 
continue beating for one day after exposure to this substance. 

5. Embryos surrounded by 7°5°/, NaCl solution of the proteid- 
like colloid C, will maintain a fairly strong rhythm for three days. 

6. Embryos surrounded by a 7°5°/, solution either of the colloids A 
or B in normal saline are usually dead after an exposure from 18 to 20 
hours. In some cases when surrounded by the colloid A dissolved in 
normal saline feeble heart beats were found after 24 hours had elapsed. 

7. “Ringer’s fluid” will maintain the heart beats for about a day. 
In a few cases a very slow and feeble rhythm was maintained after two 
days’ immersion in this solution. 

8. The sustaining power of the ash of gum arabic and of blood ash 
is very similar to that of “ Ringer’s fluid.” 

9. A 2°/, solution of gum arabic to which a trace of sodium 
carbonate has been added will sustain the rhythm from 2 to 3 days. It 
is however far inferior in sustaining power to the proteid-like colloid C, 
as the rhythm on the third day, when it exists, is always very feeble. 

10. Attention is drawn to Table 15, which summarises the relative 
sustaining powers of various substances. 

11. Water that has been distilled into metal receivers is very toxic 
to the cardiac myoplasm of chick embryos. Pure distilled water that 
has been received into glass containers is apparently innocuous to the 
embryonic heart. It has however no power of sustaining the heart 
rhythm, and thus forms a valuable control experiment in comparing the 
relative sustaining power of various other substances. My experiments 
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lend support to the theory of the oligodynamic action of minute 
quantities of metals in solution, put forward by Nageli and Locke. 

12. The oligodynamic action of copper can often be partially 
removed by the addition of traces of certain colloids and other sub- 
stances, including gelatin, and the synthesised proteid-like colloids A, B 
and 

13. An isotonic solution has apparently a better sustaining power 
on the cardiac myoplasm than one that has a different osmotic tension 
from the fluid constituents of the embryo. 

14, The general action of doses of caffein, antiarin, digitalin, 
strophanthin, nicotin, veratrin and morphine acetate, is the same on the 
hearts of mammalian embryos as that described in my previous papers 
on. those of chick-embryos. 

15. The action of minute doses of strophanthin acting over a 
comparatively long period of time is the converse to the action of larger 
doses of strophanthin acting over a short period of time; inducing 
diastolic stoppage. The results are similar to those described by 
Fraser as characteristic of the action of minute doses of strophanthin 
on the frog’s heart, and take place prior to the development of 
the intrinsic cardiac mechanism of the embryo. 

16. The application of small doses of nicotin to later mammalian - 
embryos, after the development of an intrinsic cardiac mechanism, 
prevents the appearance of cardiac inhibition, after the application of 
interrupted electric currents. 

17. Muscarin nitrate and atropin sulphate exhibit their typical 
antagonistic action on both earlier and later mammalian embryos. In 
this respect there is marked difference from the action on earlier chick- 
embryos. 

18. Chloroform acts as a powerful depressant to the hearts of mam- 
malian embryos, either if applied direct to the cardiac myoplasm, or 
if administered through the mother’s circulation, the embryo remaining 
tn situ in the uterus. Ether, except in very large doses applied direct 
to the cardiac myoplasm, acts as a stimulant to mammalian embryos’ 
hearts, The addition of a small quantity of aleohol to the chloroform 
mitigates its toxic action on the heart. A mixture of chloroform, ether, 
and alcohol was found not to be so depressant as either chloroform alone, 
or a mixture of chloroform and ether. 

The subsequent application of either digitalin, strophanthin, antiarin, 
caffein, or of atropin sulphate, fails to restore the rhythm of embryos’ 
hearts that have been stopped by chloroform. The direct application 
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of a dilute solution of ammonia will however sometimes partially restore 
their rhythm. 
Electrical Experiments. 

19. Very weak interrupted electric currents have apparently no 
action on early embryos (aged up to 160 hours). Stronger currents 
produce an augmentation of the force and an increase of the frequency 
of their rhythm, while if the strength of the current is further increased, 
its action culminates in heart delirium and systolic stoppage. 

20. The earliest embryo in which cardiac inhibition was obtained 
after the application of an interrupted current to its heart, was aged 
150 hours. The application of an interrupted current to the hearts of 
«embryos of this age usually results in delirium cordis. Embryos aged 
160 to 180 hours may or may not have their hearts inhibited on the 
application of an interrupted current. Embryos aged 200 hours and 
upwards can always have their hearts inhibited by an interrupted current. 
In older embryos a current will induce inhibition, when weaker than 
that requisite to produce this result in younger embryos. _ 

21. In embryos aged over 250 hours a strength of current greater 
than that requisite to induce cardiac inhibition causes an augmentation 
and increase of frequency of the rhythm, which often culminates in 
heart delirium. Thus in older chick-embryos Weaker currents produce 
inhibition, and stronger currents heart delirium. 

22. Lowering the temperature of the embryo renders it more 
difficult to induce inhibitory phenomena. An increase of the tempera- 
ture of the embryo, up to a certain point, renders it easier to induce 
cardiac inhibition. If however the temperature be increased above 
42° C. it is very difficult to obtain cardiac inhibition. On the application 
of an interrupted current at temperatures about 42°C. heart delirium 
culminating in systolic stoppage nearly always results. 

23. If an interrupted current of moderate strength be applied for 
three or four minutes to an embryo-chick’s heart, and then is dis- 
continued for a minute, after which time a second interrupted current 
be passed through the heart, the effect produced by the second applica- 
tion of the current is greater than that produced by the first application 
of the current. In other words there is a summation of the effect 
produced. This result obtains either in the case of the production of 
heart delirium, or of cardiac inhibition. 

24. Ifan interrupted current of moderate strength be passed through 
a chick-embryo’s heart for thirty minutes, and be discontinued, and if 
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after an interval of one minute, a second interrupted current be passed 
through the heart, it is found that the result is the converse of the 
above; that is, a stronger current is requisite immediately after the 
passage of the first current to produce either delirium cordis on earlier, 
or cardiac inhibition on later embryos. 

25. Small doses of veratrin (‘1 mg.) administered at either 26° C., 
32°C. or 38°C. decrease the strength of current requisite to induce 
cardiac inhibition on chick-embryos. At temperatures above 38° C. 
‘l mg. of veratrin apparently does not aid the appearance of cardiac 
inhibition, but larger doses, e.g. ‘175 mg. to *2 mg. will do so. 

26. When 015 mg. of muscarin nitrate is applied to an embryo- 
chick’s heart, the strength of the current requisite to produce cardiac 
inhibition is less than under ordinary circumstances. If the rhythms 
that has been depressed by muscarin nitrate be partially restored by 
the subsequent application of 015 mg. of atropin sulphate, the strength 
of the current requisite to induce cardiac inhibition, after the subse- 
quent application of the atropin sulphate, is greater than during the 
muscarin depression ; although there has been an increase in the force 
and frequency of the heart rhythm due to the antagonistic action of 
atropin sulphate. | 

27. The influence of caffein on the cardiac inhibition produced 
by interrupted currents varies with the temperature of administration. 
At 38°C, the administration of -1 mg. of caffein decreases the strength 
of current requisite to induce cardiac inhibition, at 28°C. the same 
dose sometimes increases the strength of current requisite to induce 
cardiac inhibition, while at 42°C. even weak interrupted currents induce 
delirium cordis culminating in systolic stoppage. 

28. Similar results are produced by the administration of 015 mg. 
of digitalin where also the temperature of the administration plays an 
all-important part on the result produced by the subsequent appli- 
cation of interrupted currents. 

29. It is evident that the tone and temperature of the heart play 
an all-important rdéle in the phenomena of inhibition. _ 

30. Small doses of lactic acid, if applied to the cardiac myoplasm, 
retard the appearance of the inhibitory phenomena after the application 
of interrupted currents. A subsequent application of dilute sodium 
hydrate restores the tone and frequency of the heart as well as the 
ordinary readiness to induce inhibition on the application of an in- 
terrupted current. 

31. The influence of oxygen on the strength of current requisite to 
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induce cardiac inhibition is very variable. Variations of the strength 
of current requisite to induce cardiac inhibition cannot be associated 
with the variations of the cardiac frequency. It is possible that the 
presence of an excess of oxygen exerts a variable action on the cardiac 
metabolism, sometimes favouring allonomic disassimilation and at 
others autonomic assimilation, and according as one or other of these 


processes is predominant, the tendency towards the cardiac inhibition 
is increased or decreased. 


32. Excess of carbon dioxide decreases the tone of the heart 
and the tendency towards inhibition. This result, though apparently 
contradictory to those of Piotrowski on the abductor limb muscles 
of the crayfish, can be explained by the probability that the excess 
of carbon dioxide probably retards the processes of autonomic as- 
similation, and as the cardiac contractions are proceeding the amount 
of dissimilation exceeds the amount of autonomic assimilation, so that 
there is a tendency towards contraction, and consequently a stronger 
current required to induce inhibition. 

33. The older theory of the association of the phenomena of 
cardiac inhibition with the interference of the nerve impulse in the 
ganglion cells of the heart, is disproved by the observations where 
inhibitory phenomena were obtained before the development of such 
cells, 


34. The phenomena of cardiac inhibition are influenced by two 
series of processes, both essential, viz. those taking place in the 
nervous elements and those confined to the contractile tissue... 
My experiments lend support to the theories of Gaskell and 
Piotrowski concerning the nature of the processes of inhibition, 
Nevertheless it is evident that more stress must be laid on the réle 
played by the nerve terminations, than has been done by many recent 
writers. 

35. Constant currents of strength of one milliampére increase the 
force and frequency of the cardiac rhythm of chick-embryos. If a 
constant current of sufficient strength be applied in a direction the 
reverse of the heart beat, the heart rhythm is reversed. These results 
occur both before and after the development of the intrinsic cardiac 
nervous mechanism. 

36. The passage of a constant current through embryos’ hearts 
kept at 38°C. for 2 or 3 minutes favours the appearance of heart de- 
lirium, or cardiac inhibition, on the ‘subsequent immediate application 
of an interrupted current. 
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37. The prolonged passage of a constant current through the 
cardiac myoplasm kept at 38°C. produces a converse result. 

38. Variations of temperature play an important part on the 
action of a constant current, on the subsequent action of an interrupted 
current. 

39. A single induction shock applied during diastole causes the 
interpolation of an additional heart beat. If applied during systole 
the result is variable. 

40. The application of a series of induction shocks produces various 
results, which depend on the temperature of the heart, the frequency 
and strength of the shocks, and the age of the embryo. The result may 
be either an augmentation of the force and frequency of the heart, an 
increase of cardiac frequency accompanied by a decrease of the rhythmic 
force; heart delirium, or cardiac inhibition. 

41. A series of induction shocks influence the subsequent action of 
an interrupted current on the embryonic heart. 

42. In general, the result produced by a constant current, a single 
induction shock, or a series of induction shocks, or an interrupted current 
on the hearts of mammalian embryos, is similar to that produced on 
embryo-chicks’ hearts, The age of the embryo at which an interrupted 
current will induce cardiac inhibition is not so defined in the case of 
mammalian, as in that of chick-embryos. 
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ON THE NERVE CELL CONNECTION OF THE 
SPLANCHNIC NERVE FIBRES. By J. N. LANGLEY, 
F.RS., Fellow of Trinity College, Cambridge. (With Eight 
Figures in Text.) 


SoME observations on the connection of the splanchnic nerve fibres 
with the nerve cells of the solar plexus were published by Dr 
Dickinson and myself in 1889%. We found, amongst other things, 
that a small amount of nicotin applied to the nerve cells of the plexus 
abolished the effect of the splanchnic nerve upon the muscular coats 
of the stomach and intestine, and also upon the blood vessels. To test 
this result we made, though we did not specially mention, two experi- 
ments on the effect of injecting nicotin into the jugular vein of the 
rabbit. The injection of 10 to 15 milligrams caused a similar paralysis 
of the nerve fibres centrally of the plexus without paralysing the 
fibres peripherally. We concluded that the splanchnic inhibitory 
fibres for the stomach and intestine, and the splanchnic vaso-motor 
fibres for the blood vessels are connected with the nerve cells of the 
solar plexus. 

In numerous experiments made since that time upon the rabbit, 
I had carefully examined the abdominal viscera during stimulation of 
the splanchnics and of the thoracic and lumbar nerves, and after an 
adequate dose of nicotin, I had never observed an effect of any kind 
upon the stomach, intestine, liver, spleen, or pancreas. 

As the result of these observations, of observations on the superior 
cervical ganglion’, of the observations of Anderson and myself on the 
ciliary ganglion*® and on the inferior mesenteric ganglion‘ and of 
observations not yet published on the superior cervical ganglion and on 
the sacral sympathetic ganglia, I came to the conclusion that each 


1 Langley and Dickinson. Proc. Roy. Soc. xuvt. p. 424. 1889. 
* Langley. This Journal, x1. p. 123. 1890. 
. 3 Langley and Anderson. This Journal, xm. p. 460. 1892. 
4 Ibid. xvi. p. 410, 1894; xrx. p. 181. 1895. 
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visceral nerve fibre had one nerve cell on its course and one only’, and 
that, in the main, each ganglion is a cell-station for the visceral fibres, of 
whatever nature they may be, which run to a particular region’. 

Schafer and Moore? in a recent work on the innervation of the spleen 
found, in the dog and cat, that after a dose of about 5 milligrams of 
nicotin, stimulation of the thoracic nerves in the spinal canal no longer 
caused contraction of the spleen, although contraction was still obtained 
by stimulating one of the splanchnic nerves. They concluded that the 
splanchnic nerve fibres which cause contraction of the spleen are 
connected with nerve cells in the ganglia of the sympathetic chain. 
Their experiments indicated, also, that the vaso-motor fibres of the 
splanchnics had a similar cell connection. 

It has, in consequence, seemed to me advisable, to make further 
experiments with regard to the action of nicotin upon the nerve fibres 
of the splanchnics, I have chosen the vaso-motor fibres in preference 
to the constrictor fibres of the spleen or to other fibres, partly because 
I have made experiments on these in past years and have them to refer 
to, and partly because the experimental conditions are simpler. There 
is, moreover, no reason to suppose that what holds for one class of 
nerve fibres will not, in the main, hold for the rest. 

In this paper I shall only consider in detail the results which have 
been obtained in the rabbit. In the cat and dog, the reaction of the 
splanchnic fibres to nicotin is not the same as it is in the rabbit. And 
although in both cases the essential points are clear, there are some 
—of minor importance, so far as can be seen—which deserve neverthe- 
less to be investigated further. I shall, then, reserve a detailed account 
of the experiments in the cat and dog for a later time. 

General arrangements in the experiments. The following arrange- 
ments were common to all the experiments. The interrupted current 

of a du Bois’ induction coil, with one Daniell’s cell, was used for 
' stimulating. When the index of the secondary coil was at 12 cm. of 
the scale, the shocks were felt feebly but quite distinctly on the tip of 
the tongue. In the abstracts of the experiments, the position of the 
index of the secondary coil is indicated thus :—coil at 12 or coil at 10, 
when the index of the secondary coil was at 12 cm. or 10 cm. of the scale. 


1 A Short Account of the Sympathetic System, 1895. More accurately that a visceral 
nerve impulse on its way from the central nervous system to the periphery traversed one 
nerve cell and one only, I consider that each fibre which leaves the central nervous 
system divides, and that each division is connected with a nerve cell. 

2 Schafer and Moore. This Journal, xx. p. 40, 1896. 
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The injections were made into the left jugular vein. The arterial 
blood-pressure was taken from the right carotid. A mercury mano- 
meter was used. The variations of blood-pressure are given in 
millimetres of mereury. The signal which marked the duration of 
the stimulations was used also to mark the zero blood-pressure. In 
most cases in the figures, the line made by the signal has, in order to 
save space, been brought close to the blood-pressure tracing. The 
time signal marked seconds. The tracings are to be read from left 
to right. 

Nomenclature of nerves and ganglia. I use the term solar ganglia 
for the group of ganglia commonly spoken of as the ganglia of the solar 
or cosliac plexus, The solar ganglia consist of two chief masses, one 
sending most of its fibres to the coeliac artery, and the other sending 
most of its fibres to the superior mesenteric artery. The latter is often 
called the superior mesenteric ganglion. The former similarly should 
be called the coeliac ganglion, i.e. the term ‘cceliac’ should be restricted 
to this, and not used to include the superior mesenteric and other 
ganglia. The nerve strands which run to and accompany the cceliac 
artery I call the coeliac nerves, and those which run to and accompany 
the superior mesenteric artery I call the superior mesenteric nerves. 
From the superior mesenteric ganglia a strand, having a ganglion on its 
course, runs posteriorly towards the renal artery. This I speak of as 
the renal strand of the solar ganglia. 


RABBIT. 


The first point to determine is whether the terminations of the 
vaso-motor nerves in the blood vessels are paralysed by nicotin. To 
this end it is sufficient to stimulate one of the solar ganglia, before and 
after injecting nicotin, but it is better to tie and cut one or more of the 
strands which ran from the ganglia to the blood vessels. In the rabbit 
it is simplest to take the main strand which runs on either side from 
the coeliac ganglion to the celiac artery, This has a course of about 
a centimetre before it reaches the artery, it is easily isolated and can 
readily be obtained either on the right or on the left side, The fol- 
lowing is an abstract of such an experiment. 


Exp. I. Rabbit. Ether and a.c.z. The left splanchnic nerve tied and 
cut where it runs over the pillar of the diaphragm, then isolated up to the 
solar ganglia. The left coeliac nerve separated from the surrounding tissue, 
but not cut. Coil at 9. 
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2.25 Artificial respiration. Stimulate left splanchnic nerve.—Blood- 
pressure rises from 101 to 114mm, Hg=13mm. (Fig. 1 a). 
Stimulate left coliac nerve.—Blood-pressure rises from 99 to 
105 mm, Hg = 6 mm. (see Fig. 1 5). 

2.34 to 2.343 Inject into jugular 3c.c. 1 p.c, nicotin = 30 mgs. 

2.35.30 Stim. splanchnic for 10 secs. — Rise 71 to 72= 1 mm. 


2.37.15 ,, splanchnic 9 ,, Possibly very slight rise. 

2.38.5 »  ceeliac » 9 »  — Rise from 53 to 61 =8 mm. 
2.40.30 ,, splanchnic ,, 10 ,, — BI. Pr. at 53, tvery slight rise 
(see Fig. 1 c). 

2.41.30 ,, celiac » 10 ,, — Rise 53 to 61=8mm. (see 
Fig. 1 d). 

2.46 » Splanchnic ,, 20 ,, — BI. Pr. at 55, slow rise 1 mm. 

2.58  ,, splanchnic ,, 20 ,, — Rise 56 to 58 = 2 mm. 

2.59 » celiac » 10 , — Rise 58 to 69=11 mm. 

3.3 » Splanchnic , 30 ,, — Rise 59 to 60} = 14mm. 

3.54 » celiac » 30 , — Rise 59 to 72 = 13 mm. 

3.29 »  Splanchnic ,, 20 ,, — Rise 60 to 614=14 mm. 

3.30 celiac » 10 , =— Rise 61 to 71 = 10mm. 


Tie and cut left coeliac nerve close to ganglion, after this the 
| peripheral end was stimulated. 
3.41 to 3.424 Inject into jugular 20 c.c. 0°5 p.c. nicotin = 100 mgs. 
3.44 Stim. celiac nerve for 10 secs. — Rise 77 to 95 = 18 mm. 


3.464 — Rise 90 to 106 = 16 mm. 
(Fig. 1/). 

3.49 »  Splanchnic ,, * — Bl. Pr. at 89, ?very slight 
rise (Fig. | e). 

3.55 » celiac — Rise 73 to 86 = 13mm. 


A rise of blood-pressure of 10 to 15mm, was also obtained by 
stimulating each of four other branches (besides the left coeliac) 
given off by the solar ganglia. 


It will be seen that in this experiment, neither the injection of 30 
milligrams of nicotin, nor the subsequent injection of 100 milligrams 


caused any appreciable diminution in the effect of stimulating the 


nerve fibres beyond the solar ganglia. In Exp. ITI. and IV. (cp. below) 
and in others a similar result was obtained. It is possible, and I think 
probable, that nicotin causes some diminution in the effect of stimula- 
ting the various branches proceeding from the solar ganglia: the 
conditions of the experiment hardly allow this to be determined. 
With this question I am not now concerned. My object .is to show 
that after large doses of nicotin, stimulation of the nerve strands 


| 

| 

A 

: 

| 


NERVE CELLS ON SPLANCHNIC FIBRES. 227 


given off by the solar ganglia to the celiac and superior 
mesenteric arteries will still cause an approximately normal 


Fic. 1. Babbit. Arterial blood-pressure tracing from carotid artery. Tracing 
reads from left to right. Description of experiment cp. p. 226. The numbers 


at the side show (though not always quite accurately) the blood-pressure 
in millimetres of Hg. 


a. Stimulation of splanchnic nerve before giving nicotin. 

b ceeliac before giving nicotin. 
¢. ” splanchnic 6 min. after injection of 30 mg. nicotin. 

d. celiac 7min. ” 

é. % splanchnic 7 min. a of 100 mg. nicotin. 

f coeliac 4 min. 


” ” 
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rise of blood-pressure, or, in other words, that nicotin in large 
doses does not paralyse the peripheral endings of the vaso- 
motor nerves. 

I may recall the fact that contraction of the blood vessels of the 
rabbit's ear may be obtained by stimulating the nerve fibres peripherally 
of the superior cervical ganglion, after more than a gram of nicotin has 
been given’. 

The next point to determine is the effect of nicotin upon the rise of 
blood-pressure normally produced by stimulation of the splanchnic 
nerve. In the main this is a simple matter. There is no difficulty 
in showfhg that nicotin either abolishes, or reduces to extremely 
small dimensions, the normal effect of the splanchnic nerve stimu- 
lation, 

Thus in Exp. I. given above the splanchnic nerve which at first 
caused a rise of blood-pressure varying from 13 to 20 mm. Hg. had either 
no effect or a very slight one for an hour, at least, after injection of 30 
mgs. of nicotin. Since the nerves peripherally of the ganglia to which 
the splanchnic ran still caused an approximately normal rise of blood- 
pressure, and since nicotin does not prevent the passage of nerve 
impulses along the splanchnic fibres*, the block to the passage of nerve 
impulses caused by nicotin must have taken place in the ganglia. 
The only feasible explanation of the result seems to me to be that 
all, or very nearly all of the splanchnic nerve fibres are 
connected with nerve cells in the ganglia of the solar 
plexus. 

This is the essential point for my purpose. I shall deal later with 
the comparatively minor questions whether any splanchnic fibres pass 
through the solar ganglia and are connected with more peripheral 
nerve cells, and whether any post-ganglionic splanchnic fibres traverse — 
the solar ganglia without being connected with nerve cells either there 
or more peripherally. | 

The duration of the paralysis of the splanchnic nerve fibres 
naturally depends upon the amount of nicotin given. It has not 
seemed to me worth while to attempt to determine the minimal dose 
capable of causing a temporary paralysis, amongst other reasons 
because it is precisely with small doses that the greatest stimulation 
effects occur and consequently there may be an apparent brief paralysis 


1 Langley and Dickinson. Proc, Roy. Soc. xuvm. p. 880. 1890. 
® Langley and Dickinson. Proc. Roy. Soc. xxv1, p. 424. 1889, 
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Fic. 2. Rabbit. Tracing of blood-pressure from carotid artery. The height of the 
pressure is shown in mm. of Hg. by the numbers at the side. The time- 
marker marked seconds, The seconds tracing in (a) will serve also for the 
rest. Stimulation of the left splanchnic (a) a little before injecting nicotin ; 
(b) 24 minutes, (c) 44 minutes, (d) 6 minutes, (c) 10 minutes after the injection 
of 5 mgs. nicotin (ep. Exp. I1.). 
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really due to fatigue. Some observations however upon the relative 
effect of successive and increasing doses are given below. The effect 
no doubt varies with the age, size, and species of rabbit. 

After injection of a small dose of nicotin, the recovery of the 
splanchnic effect is very rapid. I give Exp. II. as an example (cp. also 
Exp. IIL and IV. below). The tracings of Fig. 2 (cp. p. 229) are 
taken from Exp. Il. Here the splanchnic stimulated with a weak 
current for about 10 secs, caused a rise of 15 mm. Hg. Five mgs. 
of nicotin were injected, the injection taking 30 secs. The splanchnic 
stimulated 24 minutes after the end of the injection had no certain 
effect, although there may have been a trace; in 44 minutes it caused a 
rise of blood-pressure of 14 mm. Hg.; in 6 minutes it caused a rise of 
74 mm.; in 10 minutes it caused a rise of 20 mm. Hg. 


Exp. Il. Rabbit. Ether and a..z. -Left splanchnic tied and cut. 
1.21 Stim. splanchnic for 9 secs. Coil at 10 — Rise, 110 to 125=15 mm. 


1.25 ; “ Coil at 15 — Rise, 111 to 126=15 mm. 
1.27 Coil at 20 — Rise, 111 to 126=15 mm. 
(Fig. 2 a.) 


1.34 to 1.344 Inject into jugular 5c.c. 01 p.c. nicotin = 5 mgs. 
1.36 Stim. splanchnic for 20 secs. Coil at 20 — At130. Nocertain effect. 


1.37 a = Coil at 15 — At116. No certain effect. 
(Fig. 26.) 

1.39 “ * Coil at 10 — Rise, 98 to 994 = 14 mm. 
(Fig. 2c.) 

1.404 me e ve — Rise, 85 to 924 = 74 mm. 
(Fig. 2 d.) 

1.43} = sas Coil at 15 — Rise, 91 to 109 = 18 mm. 

1.44} ss for 10 secs. “ — Rise, 95 to 115 = 20 mm. 
(Fig. 2 ¢.) 


1.48 to 1.48} Inject into jugular 5 c.c, 0°1 p.c. nicotin = 5 mgs. 
1.50} Stim. splanchnic for 20 secs. Ooil at 15 — At 102, ?trace of rise. 


1.52 ‘ for 10 secs. Coil at 10 — Rise, 75 to 764=14 mm. 
1.53 = for 20 secs. i — Rise, 68 to 693 =14 mm. 
1.554 — Rise, 73 to 79 = 6 mm. 
1.58 e for 10 secs. “s — Rise, 78 to 87 = 9 mm. 
2.3 ie 7 — Rise, 83 to 97 = 14 mm. 


2.4 ij ‘a Coil at 15 — Rise, 84 to 97 = 13 mm. 

2.5 to 2.54 Inject into jugular 4¢.c. 0°5 p.c. nicotin = 20 mgs. 

2.74 Stim. splanchnic for 20 secs. Coil at 15 — At77. No effect. (Fig. 
3 a.) 
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2.9 Stim. splanchnic for 20 secs. Ooil at 10 — Rise, 77 to 784=1} mm. 


2.12 »  — Rise, 76 to 77 =I'mm. 

2.18 »  — Rise, 72 to 75 =3 mm. 

2.26 »  — Rise, 69} to 73=3} mm. 
(Fig. 36.) 

2.33 »  —Rise, 72 to 754=3} mm. 


” 
2.35 Give excess of A.c.z. mixture for 6 minutes. 
Stim. splanchnic for 20 secs. Coil at 10 — At 44. No effect. 


” ” ” — At 41. No effect. 
” ” ” —- At 39. No effect. (Fig. 
3c.) 
3.5 » — Rise, 84 to’88 = 4 mm. 


3.12 Give excess of a.c.z. mixture for 12 minutes. 
3.19 Stim. splanchnic for 20 secs. Coil at 10 — Rise, 53 to 53} = 4 mm. 


3.31 be for 10 secs. ay — Rise, 39 to 42 = 3 mm. 

3.40 in — Rise, 85 to 914=64 mm. 

3.58 — Rise, 97 to 119 = 12 mm. 
(Fig. 3.4.) 


In the next 40 minutes, a.c.z. was given twice, and in each case 
when given in sufficient amount nearly abolished the effect of 
stimulating the splanchnic. (cp. Fig. 3, ¢, f, g, h.) 


Another point which promises to be of some interest is that when 
the splanchnics have in part recovered from the paralysing effect of 
nicotin, an excess of the A.C.E. mixture (possibly in consequence of the 
chloroform in it) rapidly reduces and even abolishes their action. I 
am not prepared to say that this is a constant phenomenon, but I have 
noticed it incidentally in several experiments. In Exp. IL. the matter 
was tested directly. The effect of the left splanchnic nerve upon the 
blood-pressure was abolished, or very nearly so, four times at different 
periods during the gradual recovery of the function of the nerve from 
nicotin (20 mgs.). Fig. 3 shows some of the tracings obtained. The 
action of the anesthetic is not due necessarily to. the fall of blood- 
pressure which it causes, for a great diminution in the effect of 
stimulating the splanchnic may occur without any very considerable 
fall of blood-pressure (cp. Fig. 3 f, g and h). 

Normally of course copious anesthetics diminish the effect of the 
splanchnic nerve fibres, but the decrease is not very great, and a good 
rise of blood-pressure may be obtained by stimulating the splanchnics 
up te the moment the heart stops in consequence of an overdose of the 
A.C.E, mixture. 


— 
5 
~~ 


Fic. 3. Rabbit. The left splanchnic had fairly recovered from two previous 
injections of 5 mgs. nicotin. 2.5. 20 mgs. nicotin given. Artificial respiration 
kept up during the remainder of the experiment, The tracings show the effect 
of stimulating the left splanchnic nerve, (a) 2 minutes after the injection of 
nicotin, (b) 21 minutes, (c) 38 minutes (d) 1 hour 53 minutes, (e) 2 hours 
7 minutes, (f) 2 hours minutes, (g) 2 hours 25 minutes, (hk) 2 hours 
35 minutes. For a few minutes before (c) (e) (g) excess of 4.c.x. ure was 
given. 
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The following experiments will serve to show the degree of paralysis 
produced by different amounts of nicotin, the duration of the paralysis, 
and the comparative absence of effect on the nerve fibres peripherally 
of the solar ganglia. 


Exp. III. Rabbit. Ether and a.c.z. Left splanchnic tied and cut. 
Coil at 10. 
12.2 Stim. splanchnic for 4 secs. — BL Pr. rises 90 to 118 = 28 mm. | 
12.7 to 12.8 Inject 0°75 c.c. 0°2 p.c. nicotin into jugular = 1-5 mgs. Oe 
12.9 Stim. splanchnic for 10 secs. — Slow rise, 65 to 72 = 7 mm. 
12.13 is » 4 4» — Rise, 87 to 110=23 mm. 
12.15 to 12.16 Inject 2c.c. 0°2 p.c. nicotin into jugular = 4 mgs. 
12.17} Stim. splanchnic for 20 secs. — Slow rise, 53 to 54 = 1 mm. 
12.18} “ 20 , — Rise, 53 to 60=7 mm. 
12.21} 6 ,, — Rise, 72 to 89 = 15 mm. 
12.22} to 12.23$ Inject 2°5 0-2 p.c. nicotin = mgs. 
12.24} Stim. splanchnic for 30 secs. — Rise, 53 to 54 = 1 mm. 
12.263 * 30 ,, — Rise, 82 to 97 = 15 mm. 
12.33 to 12.35 Inject 5c.c. 1 p.c. nicotin = 50 mgs. 
12.53 Stim. splanchnic for 25 secs. — Rise, 38 to 41 = 3 mm. 


12.57 30 ,, — Rise, 35 to 37 = 2mm. 
1.23 30 ,, — Rise, 34 to 35 = 1 mm. 
1.24 Superior mesenteric 

ganglia for 30 seca. } — Rise, 35 to 50 = 15 mm. 


Exp. IV. Rabbit. Ether and a.c.z. Tie and cut left splanchnic nerve 
4‘5 cm. from solar ganglion, ‘left pleura punctured during the dissection.’ 
2.32 Stim. splanchnic for 8 secs. Coil at 12 — Rise,82 to 108=26 mm. 


” “ Coil at 15 — Rise, 81 to 108=27 mm. 
9s i Coil at 20 — Rise, 83 to 109=26 mm. 
Coil at 25 — Rise, 82 to 107=24 mm. 

is Coil at 30 — Rise, 82 to 96 = 14 mm. 


2.38 Inject into jugular 2 mgs. nicotin. 
2.41 Stim. splanchnic for 20 secs. Coil at 30 — Riseabout 1 mm. Pres- 
sure rising steadily. 

2.42 Coil at 25 — Rise about 7 mm. Pres- 
sure rising steadily. 

+s vs Coil at 25 — Rise, 88 to 99 = 11 mm. 

2.46 Inject into jugular 5 mgs. nicotin. 

2.47 Stim. splanchnic for 20 secs. Ooil at 25 — At 46. No effect. 

2.49 20 ,, Coilat 20—At4l. No effect. 

2.50} 30 ,, Ooil at 15 — At42. Noeffect. Pres- 
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2.52 Stim. splanchnic for 30 secs. Ooil at 10 — Rise, 48 to 50=2 mm. 
2.57 20 ,, — Rise, 54 to 57 = 3 mm. 
Give excess of A.c.&, mixture for 2 minutes. 

2.59 Stim, splanchnic for 20 secs. Coil at 10 — Rise, 43 to 43} = } mm. 
3.5 10 ,, »  — Rise, 71 to 82=11 mm. 
3.17 Inject into jugular 6 mgs. nicotin. 

3.183 Stim. splanchnic for 20 secs. Coil at 10 — At 43. No effect. 
3.20 20 , Coilat 8—At40. No effect. 


0 eS eee } — Rise, 38 to 56 = 18 mm. 


3.33 to 4.25 The splanchnic gave no trace of effect. A rise of blood- 
pressure was always obtained from the superior mesenteric 
nerves. 

4.26 Inject into jugular 45 mgs. nicotin. 

4.30 Stim. part of superior mesenteric nerve — Rise, 26 to 35 = 9 mm. 


We have seen that the vaso-mvtor nerve fibres of the splanchnic, as 
they run to the abdominal viscera, have nerve cells on their course. 
The splanchnic nerve fibres on their way from the spinal cord traverse 
the sympathetic chain. It is conceivable then that the efferent fibres 
leaving the spinal cord might end in the ganglia of the sympathetic 
chain, and the cells of these ganglia might give off the fibres which 
constitute the efferent portion of the splanchnic nerves. In such case 
an impulse leaving the spinal cord would pass through two nerve cells 
at least before it reached the abdominal viscera. And nicotin if it 
acted upon the nerve endings in the ganglia of the sympathetic chain-— 
and it does in other cases—would cause a double block to the passage 
of nerve-impulses from the spinal cord to the abdominal viscera. In 
consequence I think there can be no doubt that, other things being 
equal, a small dose of nicotin would produce a greater decrease in the 
effect of stimulating the visceral fibres in, or as they leave, the spinal 
cord than in the effect of stimulating them in the splanchnic nerves. 
But whether, in making such experiments, other things ever are equal 
admits of grave difference of opinion. So far, however, as my ex- 
periments go, they offer no reason for believing that the splanchnic 
nerve fibres are connected with nerve cells in the sympathetic chain 
of ganglia. The quantity of nicotin which is required seriously to 
diminish, or to abolish, the effect of stimulating the spinal cord is not 
less than that which is required correspondingly to diminish, or to 
abolish the effect of stimulating the splanchnics. Similarly the re- 
covery from the effect of a small dose of nicotin is at least as rapid 
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in the case of the spinal cord, as it is in the case of the splanchnic 
nerve, 

Indeed in my experiments a given dose of nicotin has had a 
distinctly less paralysing effect on the spinal cord stimulation than on 
the splanchnic nerve stimulation. I do not attach any great weight to 
the differences observed, for they depend to some extent upon the 
difference in experimental conditions in the two cases. But it does not 
seem to me to be unreasonable that at a certain stage of nicotin 
poisoning, the spinal cord should cause a rise of blood-pressure when 
one splanchnic nerve does not, since the former affects a larger vascular 
area than the latter. 

Exp. V., an account of which is given below, was made on the same 
lines as Exp. II. (ep. p. 230) but the spinal cord was stimulated instead 
of the left splanchnic nerve. The animals were of the same breed and 
very nearly of the same weight. In each case first 5 mgs., then another 
5 mgs., and then 20 mgs. of nicotin were injected. A comparison of the 
results shows that the duration of the paralysis was less, and the rate of 
recovery quicker in the spinal cord experiment than in the splanchnic 
nerve experiment. Making every allowance for the fact that the 
experiments were on different animals, and that the experimental 
conditions are not the same, we may still I think fairly argue that if 
the nerve fibres proceeding from the spinal cord passed to the cells of 
the sympathetic ganglia, and the fibres from these passed to the cells 
of the solar ganglia, and if the effect of stimulation, were irrespective 
of the number of fibres stimulated, it is in the highest degree unlikely 
that the result I have described would be obtained. In other words, I 
consider the result distinctly though not decisively against the view that 
a splanchnic nerve fibre has two sympathetic nerve cells on its course. 

The argument is strengthened by comparing the result of stimu- 
lating (a) a thoracic nerve in the spinal canal and (6) the spinal cord. 
After nicotin has been injected, stimulation of the spinal cord will in 
certain conditions cause a rise of blood-pressure when none is caused 
by stimulating the thoracic nerve. The conditions I shall refer to later 
in speaking of the results obtained in the cat, for I have made more 
experiments of this nature in the cat than in the rabbit. 

I give Fig. 4 and Fig. 5 to illustrate the degree of paralysis and the 
rate of recovery shown in experiments in which the spinal cord is 
stimulated and nicotin injected. Fig. 4 shows the effect of 5 mgs. of 
nicotin, Fig. 5 the effect of a subsequent dose of 20 mgs. of nicotin 
(cp. Protocol, Exp. V.). Stimulation of the spinal cord just before 


a 
~ 
« 


236 J. N. LANGLEY. 


the injection of 5 mgs. of vicotin caused a rise of blood-pressure of 
38 mm. Hg.; 14 minutes after the injection it caused a rise of 3 mm.; 


Fic. 4. Rabbit. Carotid blood-pressure. Stimulation of the spinal cord, (a) 
before injecting nicotin, (6) 14 minutes after injecting 5 mgs. of nicotin, 
(c) 8 minutes after the injection, (d) 43 minutes after, (e) 64 minutes after the 
injection. 
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Fic. 5. Rabbit. Carotid blood-pressure. There had been fairly complete 
recovery from two previous doses, each of 5 mgs. nicotin (cp. Exp. V.). 
Stimulation of spinal cord, (a) 64 minutes after injecting 20 mgs. of nicotin, 
(b) 18 minutes after the injection, (c) 314 minutes after, (d) 1 hour 34 minutes 
after the injection. 
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3 minutes after, it caused a rise of 7 mm.; 4} minutes after, it caused 
a rise of 20 mm., and 64 minutes after, a rise of 34 mm. 

The method I follow in experiments upon the spinal cord is this :— 
The cord is exposed for about the length of two vertebre; at the 
upper region exposed it is cut across. When the cord is not being 
stimulated it is covered by warm sponges frequently renewed. On the 
whole the best method of stimulating the spinal cord is I think to pass 
curved electrodes at each stimulation round one side so that they touch 
the whole lateral column of that side, but I have sometimes placed the 
electrodes on the cut end of the cord, and scmetimes placed one on 
either side of the cord. 

In the Protocol of Exp. V. some of the observations made are 
omitted, in order to set out more clearly the effect of nicotin. The 
chief of these I may mention. After the recovery from the second 
dose of nicotin, the 9th thoracic nerve was cut on each. side, and the 
cut end of the cord, which was three-quarters of a centimetre above this 
nerve, was stimulated. The usual rise of blood-pressure was obtained. 
So that the rise of blood-pressure was probably due to a stimulation of 
spinal cord fibres, other than those of the nerve roots. And this 
suggests that nicotin has very little action on the terminations in the 
cord of the pyramidal tract or other cord tracts capable of causing a rise 
of blood-pressure. 

Towards the end of the experiment, the spinal cord was cut below 
the 5th lumbar nerve, stimulation of the surface towards the thoracic 
region gave a fair rise of pressure though less than that caused by 
stimulating the original cut surface above the 9th thoracic nerve. 
Stimulation of the cut surface towards the sacral region had, as was 
to be expected, no effect on the blood-pressure. 


Stimulation of the spinal cord before and after the injection of nicotin. 


Exp. V. Rabbit. Ether. a.c.z. mixture. Spinal cord exposed at 
level of 1xth and xth thoracic nerves. Oord cut.a little above 1xth nerve. 
Curari, A.c. 8. given at intervals. The index of the secondary coil was at 
10. Unless otherwise mentioned the lateral columns were stimulated at the 
upper level of the xth nerve. 


Part of Duration ‘mare 
in mm. Hg. Be. 
11.33 Right lateral col. 7 41 30 


11.34 Inject curari. | 
11.36 Cut surface 6 47 19 
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11,38 Right lateral col. 6 52 38 (Fig. 4a) 
11.40 to 11.40} Inject 5c.c. 0-1 p.c. nicotin into jugular = 5 mgs. 

11.42 Right lateral col. 14 55 3 (Fig. 45) 
11.434 Cut surface 26 48 7 (Fig. 
11.45} Right lateral col. 12 49 20. (Fig. 4d) 
11.47 9 55 34 (Fig. 4¢) 
11.49 to 11.49} Inject 5c¢.c. 0-1 p.c. nicotin into jugular = 5 mgs. 

11.51 Cut surface. 20 49 2 

11.52 Right lateral col. 40 woe 3 

11.53$ Left lateral col. 21 40 5 

11.56 Both lateral col. 15 43 15 

11.59 Right lateral col. 13 49 - 29 

12.1 Inject 2¢.c. 1 p.c. nicotin into jugular = 20 mgs. 

12.5 Right lateral col. 27 40 ? trace 

12.7 Left lateral col. 27 37 ttrace (Fig. 5 a) 
12.9 Both lateral col. 30 37 0 

12.15 Right lateral col. 25 35 1 

12.184 a 30 36 ltol} (Fig. 55) 
12.20 Both lat. col. by 1x $30 37 1 

12.32 Right lateral col. 25 35 5 (Fig. 5c) 
12.34 Left lateral col. 30 38 3 

12.354 Both lateral col. 30 38 2 

12.37 Cut surface 30 39 1 

12.384 Both lateral col. 30 40 1 

1,2 Right lateral col. 12 46 20 

1.4 Both lat. col, by 1x 17 57 20 

1.54 Both lateral col. 20 62 18 

1.35 Right lateral col. 8 65 38 (Fig. 5d) 
1.37 Cut surface 9 71 33 

1.39 Inject lec. 1 p. c. nicotin into jugular = 10 mgzs. . 

1.41 Right lateral col. 20 83 ? trace 

1,42 Cut surface 20 71 0 

1.48 Right lateral col. 20 46 3 

1.49 Left lateral col. 20 - 47 4 

2.11 Right lateral col. . 12 42 18 

2.123 Out surface 17 52 13 

2.134 Both lateral col. 16 54 12 


2.45 Cut surface 10 61 26 
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CaT AND 


We may pass now to a brief statement of the differences which exist 
between the action of nicotin in the cat and dog on the one hand, and 
in the rabbit on the other. 

In the cat, comparatively large doses of nicotin are required to 
prevent stimulation of the spinal cord from causing a rise of blood- 
pressure, and the recovery from the effect of a moderately large dose of 
nicotin is much more rapid than in the rabbit. Thus in one experiment 
10 mgs. of nicotin were injected into the jugular vein, 45 minutes 
later 20 mgs., 19 minutes after this 50 mgs. and in further 8 minutes 
another 50 mgs. of nicotin were injected. The rise of blood-pressure 
obtained by stimulating the spinal cord before any injection, was about 
55 mm. ; 3 minutes after the first injection, stimulation of the spinal cord 
caused a rise of 19 mm.; about 3 minutes after the second injection it 
caused a rise of 14mm.; 3 minutes after the third injection it caused a 
rise of 11 mm.; and at various times after the last injection, it caused 
a rise varying from 2to 5mm. In this experiment the spinal cord was 
cut above the Ist thoracic nerve; the rise of blood-pressure I have 
mentioned was obtained by stimulating the spinal cord between the 
5th and 6th thoracic nerve roots. The cord was also stimulated at the 
lower cut surface and between the Ist and 2nd thoracic nerve roots. 
Before injection of nicotin, such stimulation caused at once great 
dilation of pupil and the other usual effects on the eye; after the 
first injection of 10 mgs. of nicotin, stimulation neither of the upper 
thoracic portion of the spinal cord nor of the lst and 2nd thoracic 
nerves, gave at any time the least sign of effect on the pupil, nictitating 
membrane, or eyelids. Other experiments have given similar though 
not identical results. 

Comparatively large doses of nicotin are also required to abolish the 
normal effect of the thoracic nerves and of the splanchnic upon the 
arterial blood-pressure, If the effects of stimulating one thoracic nerve, 
one splanchnic nerve and the spinal cord are compared, it may appear 
that nicotin has a greater paralysing action on the thoracic nerve than 
on the splanchnic and on the splanchnic nerve than on the spinal cord. 
There are here several factors to be taken into account. It is true as 
stated by Schafer and Moore that normally a few nerve fibres supplying 
@ given area may produce as much effect, so far as can be observed, as 
the whole of the fibres supplying the area. This is however only true 
with an adequate strength of stimulus. As the stimulus is made weaker 
and weaker, the difference between the effect of stimulating few and 
many fibres becomes more and more obvious. There is also a lower 
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limit to the number of fibres, stimulation of which can produce a 
pronounced effect. Thus the first five thoracic nerves commonly cause 
more or less movement of the nictitating membrane in the cat, but the 
4th and 5th never cause a strong retraction, and the 3rd nerve never 
with a given strength of stimulus produces so great an effect as the Ist 
and 2nd? nerves. 

But the equality of action of few and many fibres does not seem to 
me to hold at all in various conditions of decrease of irritability. Thus 
if the Ist and 2nd thoracic nerves are stimulated, they will normally 
and with a certain strength of current produce equal and maximal 
effects upon the pupil and nictitating membrane; but when the 
responsiveness is diminished for example by continued low blood- 
pressure and lowering of the body temperature, a difference in the 
action of the two nerves with any given stimulus becomes manifest, and 
further, the one may have a greater effect on the pupil than on the 
nictitating membrane, and the other a much greater effect on the nic- 
titating membrane than on the pupil. Facts of a kindred nature may 
be seen in the successive total disappearance of the effect of stimulating 
after death a series of nerves supplying any tissue. With the nicti- 
tating membrane the 5th nerve first ceases to have an effect, then the 
4th, then the 3rd, then—if the arrangement of nerves is markedly 
posterior—the Ist, and lastly the 2nd. Similar instances present them- 
selves in stimulating the spinal nerve roots which send visceral fibres to 
the blood vessels of the head and limbs, to the sweat glands, the hairs, 
the bladder, the external and internal generative organs. A second 
factor to be borne in mind is that in certain cases of diminished 
irritability, repeated stimulation of a nerve has a most detrimental 
effect upon its action. Normally a nerve root containing visceral fibres 
can be stimulated at intervals of a minute or so almost indefinitely with 
little or no diminution of its action. But with insufficient circulation, 
lowered body temperature, or after nicotin has been given, this is no 
longer the case, the stimuli when repeated produce less and less effect, 
until no effect at all is obtained. In order to keep the effect approxi- 
mately constant a much longer interval is-required between the stimuli 
than is required in normal conditions. Thus it may happen that if 
after injection of nicotin a nerve on one side is stimulated at intervals, 
normally not injurious, in order to note the time of recovery of a visceral 
action from nicotin, it will produce no effect at a time when the nerves 
of the opposite side or one of the other nerves on the same side, left 
unstimulated since the injection of nicotin, will have a distinct action. 

1 Apart of course from variations in the arrangement of the thoracic nerves. 
PH, XX. | 
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It has seemed to me also that protracted stimulation of a nerve-root 
increases the paralysing effect of nicotin upon it. 

The differences then, which may be found in a given experiment 
between the action of nicotin upon the thoracic nerves, the splanchnic 
nerves, and the spinal cord, do not imply any essential difference in 
the action exercised by nicotin in the three cases, but depend partly — 
upon experimental conditions, and partly upon the fact that in stimu- 
lating any single thoracic nerve fewer vaso-motor nerve fibres are 
affected than in stimulating the splanchnic; and in stimulating the 
splanchnic nerve fewer vaso-motor fibres are affected than in stimulating 
the spinal cord. 

A small dose of nicotin such as 5 to 10 mgs. may in certain 
circumstances produce more or less complete paralysis of the splanchnic 
nerve, and there may be very slow and imperfect recovery. Thus in two 
of my experiments, the thoracic sympathetic was tied and cut at about 
the 8th rib, the white rami below cut, and the left splanchnic isolated 
up to the solar ganglia. The operative procedure almost put an end 
to the circulation of blood through the lung of that side; the blood- 
pressure and the body temperature sank. The cut lower end of the 
thoracic sympathetic caused, nevertheless, a very fair rise of blood- 
pressure. But on injecting 10 mgs. of nicotin, the cut end, stimulated 
5 minutes after the injection, gave no effect; in one experiment there was 
slow slight recovery, in the other none. That the effect of nicotin was 
greater here than in the cases in which the splanchnic nerve alone was 
taken and with as little exposure as possible, I attribute in the main 
to the solar ganglia having been unfavourably affected by the operative 
conditions previous to the injection of nicotin. 

Whether the conditions are favourable or unfavourable for the proper | 
action of the pre-ganglionic vaso-motor nerves, nicotin always brings 
out a difference in the effect of stimulating the nerves centrally and 
peripherally of the solar ganglia. Ata time when stimulation neither 
of the spinal cord nor of the splanchnic nerves affects the blood-pressure, 
a rise of blood-pressure may still be obtained by stimulating the cceliac 
and superior mesenteric nerves. I may quote one experiment in which 
I tied and stimulated the superior mesenteric nerves, and then injected 
100 mgs. of nicotin. Five minutes after the injection, the nerves gave 
as great a rise of blood as they had given before the injection. And I 
do not think there can be any doubt that in the cat as in the rabbit, 
the very great majority of the fibres of the splanchnic which cause a 
rise of blood-pressure end in connection with the nerve cells of the 
solar ganglia. 
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With regard to the dog, I have already, and more than once, 
pointed out that its pre-ganglionic nerve fibres recover very rapidly 
from even large doses of nicotin. In consequence, the difficulty of 
determining the nerve-cell connections of the visceral fibres is very 
much greater than in the cat or in the rabbit. The comparative 
resistance to the paralysing action of nicotin, which in the cat 
distinguishes the splanchnic vaso-motor fibres from the pupillo-dilator, 
the pilo-motor, the sudorific, the cardiac accelerator, and probably all 
other visceral fibres to the head, limbs, and trunk, —. in the dog 
to extend to the whole sympathetic system. 

But, as in the cat, the splanchnic fibres which cause a rise of 
blood-pressure are, so far as my experiments go, much more resistant 
to the paralysing action of nicotin than the nerve fibres to the pupil 
and nictitating membrane. Thus in one experiment I injected first 10, 
then 50 and then 1000 mgs. of nicotin into the jugular vein. The 7th 
and 8th thoracic spinal nerves, stimulated in the vertebral canal, caused 
after each injection of nicotin a rise of blood-pressure varying from 10 
to 20 mm. Hg., a rise not differing greatly from that which they caused 
at the beginning of the experiment’. 

The amount of nicotin given in this experiment is 200 times as 
great as that which Schafer and Moore found sufficient to stop the 
effect of the thoracic nerves. I have in no other case injected so large 
a quantity, but I have in other cases given up to 100 mgs. without 
paralysing the thoracic nerves. In consequence, I do not think that 
an absence of effect if found after only 5 mgs. of nicotin, affords a safe 
basis for deduction as to the place of connection of the thoracic nerve 
fibres with nerve cells. 


We may now consider somewhat more generally the question of the 
nerve-cell connection of the splanchnic vaso-motor fibres. 

In a matter of such fundamental importance as the number of relay 
stations between the spinal cord and the periphery, it seems to me most 
unlikely that what holds for one mammal, will not hold for the rest. 

On this account I have, in the main, restricted my experiments to 
the rabbit and cat. In these animals I had reason to believe that the 
results obtained would be clear, precise, and easily verified. 

In both of these animals, there is I think no difficulty in showing 


1 A slow pilo-motor action was also obtained on the hair of the back. There was a 
very long latent period, and a protracted after-action ; this I have seen after comparatively 
small doses. The condition is similar to that I have already described in connection with 
the chorda tympani and the sub-maxillary gland. (This Journal, x1. p. 124. 1890.) 


a 
< 


244 | J. N. LANGLEY. 


that the great majority of the splanchnic vaso-motor fibres end in the 
ganglia of the solar plexus. Here then there is one nerve cell on the 
course of the nerve fibres between the spinal cord and the periphery. 
And, assuming some branching of the pre-ganglionic nerve fibres, 
we may represent the connection diagrammatically as in Fig. 6. 


SPINAL SYMPATHETIC SOLAR 
CORD CHAIN GANGLION 
Pre-franglion ie fibre 
Fie, 6, 


So far as the action of nicotin is concerned I have shown above that 
it occasions no appreciable block to the passage of a nerve-impulse from 
the spinal cord to the periphery except in the region of the solar 
ganglion. Under proper conditions of irritability of the spinal cord 
an effect can be obtained by stimulating it after injection of nicotin as 
long as an effect can be obtained by stimulating one of the splanchnic 
nerves. | 

And there are reasons, apart from the action of nicotin, which seem 
to me to show that the great majority at any rate of the nerve fibres of 
the splanchnic do not end in the cells of the ganglia of the sympathetic 
trunk. 

When the lower thoracic and upper lumbar white rami are traced 
by dissection or by teasing under the microscope, a considerable portion 
of their fibres can be seen to run in bundles through the sympathetic 
chain, and obviously do not end in the ganglia of the chain. And some- 
times a white ramus reaches the sympathetic chain between two 


- ganglia, and gives a strand direct to the splanchnic, which does not 


even touch the ganglia of the sympathetic chain. 

Moreover on section of the roots of the lower thoracic and upper 
lumbar nerves, numerous degenerated fibres are found in the splanchnics 
a week after the section. Although from accidental injury a few of 
these may be afferent fibres, the great majority must be efferent. But 
if all the efferent fibres ended in the ganglia of the sympathetic chain, 
the degeneration caused by cutting the anterior roots of the spinal 
nerves would stop at the ganglia, and not be traceable into the splanch- 
nics. In fact, after such section, the fibres which degenerate in the 
splanchnics are certainly to be counted in hundreds. 

The analogy of the inferior mesenteric ganglia is, I think, also of 
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weight. The splanchnic and minor splanchnic nerves are homologous 
with the strands which run from the sympathetic chain to the inferior 
mesenteric ganglion. Indeed, the lowermost minor splanchnic nerve 
may divide into two strands, one strand running to the solar ganglia and 
the other to the inferior mesenteric ganglia. It has been shown by 
Anderson and myself* that a large proportion of the fibres in the 
several strands to the inferior mesenteric ganglia degenerate on section 
of the anterior roots, and that the strands have then no distinct efferent 
action. But the fibres proceeding from the inferior mesenteric ganglia 
produce their customary motor effects. These facts are inexplicable on 
the view that the fibres from the spinal cord end in the ganglia of the 
sympathetic chain. And what holds for these, it is practically certain 
will hold for the homologous strands which run to the solar ganglia, 
t.e. for the splanchnic nerve fibres. 

But whilst I advocate the view that one sympathetic nerve cell 
only, exists on the course of each nerve fibre, there are some variations 
which possibly may occur in the position of some of the nerve cells, 

I have no doubt that some of the splanchnic fibres run on past the 
solar ganglia to be connected with more peripheral ganglia, just as some 
fibres run through the inferior mesenteric ganglia on their way to more 
peripheral ganglia.» The nerve strands proceeding from the solar 
ganglia contain in the cat a large number of small medullated fibres, 
and have small ganglia on their course. But direct comparison of the 
effect of stimulation of the coeliac and mesenteric nerves before and after 
the injection of nicotin has not so far given me decisive results. As a 
preliminary it will probably be best to cut the anterior roots, and to 
observe the resulting degeneration and accompanying loss of function. 
If we take the diagram of. Fig. 6, as representing the usual connection 
of a splanchnic nerve fibre, we might suppose that in cases of 
variation all the nerve cells in connection with a single pre-ganglionic 
fibre become shifted to the periphery or as is represented in the 
diagram of Fig. 7 one or more of them should remain in the solar 


Post-ganglionic Gbree 


1 Langley and Anderson. This Journal, xvt. p. 410. 1894; xvi. p. 177. 1894, 
* Langley and Anderson. Op. cit. and this Journal, xrx. p. 131. 1895. 
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ganglia. Whether the latter form occurs or no can be determined by 
observations on the ‘ reflexes’ obtainable from the solar ganglia. 

‘It is also possible that a few cells properly belonging to the solar 
ganglia remain in the ganglia of the ‘lateral’ sympathetic chain, the 
nerve fibres which proceed from them running to the periphery without 
making connection with the solar or other similar more peripheral 
ganglion. Here also the whole group of cells belonging to a pre- 
ganglionic fibre might remain in the lateral ganglion. This appears to 
be largely the case with the nerve cells of the ganglion stellatum which 
supply the heart and lungs. Or the mode of connection might be as in 


Fig. 8. 
SPINAL SYMPATHETIC 
CORD CHAIN 


It is perhaps prim& facie in favour of the existence of some post- 
ganglionic fibres in the splanchnics, that they contain many non- 
medullated fibres, but to my mind this is of little weight. The 
experiments I have given above, offer some evidence on the question. 
It will be seen that in these, nicotin sometimes completely abolished 
the effect of stimulating the splanchnic nerve and sometimes only 
reduced it to very narrow limits. The latter result tends to show 


that sometimes a few fibres may pass through the peripheral ganglia 


without having nerve cells on their course. In such case the nerve 
cells would lie centrally of the point stimulated. But bearing in mind 
that after a large dose of nicotin, half-a-dozen to a dozen strands can be 
isolated peripherally of the solar ganglia, each of which will cause a 
considerable rise of blood-pressure, it is I think certain that if any 
splanchnic nerve fibres are connected with nerve cells centrally of the 
solar plexus, their number must be excessively small. 

My experiments on these points are not yet finished and I have 
only alluded to them in order to make clearer how various anatomical 
and experimental facts may be explained consistently with the theory 
that a nervous impulse traverses one sympathetic nerve cell only on its 
way from the spinal cord to the periphery, and that each sympathetic 
ganglion is, broadly speaking, a cell station, for all classes of visceral 
fibres which supply a definite area. 
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PART I. InrTRODUCTORY. 


THE observations collected in this paper were made in the Physiological 
Laboratories of Oxford and Liverpool. Short preliminary communica- 
tions have been published from time to time in the Proceedings of the 
Physiological Society. 
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(1) Previous observations, &c. 


It is well known that cold may increase very considerably the 
excitability of the nerves of the frog; this increase was first observed by 
Pfliiger’, and attention has been specially drawn to it by Hering’, 
Biedermann? and others‘. Thus after cooling the whole frog for some 
hours, the excitability of the freshly prepared sciatic is such that a 
prolonged excitation indicated by a tetanic response of the supplied 
muscles is evoked by its section (Hering), and prolonged excitatory 
electromotive changes have been found by Steinach’ in response to a 
single mechanical stimulation. 

In direct antagonism with this augmentation through cold are the 
results given by Hirschberg’, Efron’, Howell and others. From 
these it appears that when the sciatic nerve is excited by induced 
currents, the nerve muscle preparation responds better in proportion as 
it is warmed, this favourable influence of warmth occurring with a rise 
of temperature up to 35° C. 

These two apparently irreconcilable positions may be taken as 
representing specific increase in excitability for specific stimuli, since 
the observations from which the augmentation in consequence of 
warmth was inferred, were all made with a specific stimulus, the break 
induced current. Such an inference is however unjustifiable if the 
experiments which have been taken as proofs, can be shown to involve 
the presence of disturbing factors the elimination of which is essential 
before any deduction as to excitability changes can be made. It will be 
shown that in such experiments as those of Hirschberg, Efron, &c., 
such disturbing factors were present, and that in consequence of their 
not having been recognised, a fundamental fallacy is present which 
renders all deductions as to alteration in excitability worthless. 


1 Pfliger. Untersuchungen iiber Electrotonus. 1859. 

* Hering. Sitzungsberichte d, k. Akad. d. Wissenschaft. Wien. uxxxv. Part m1. 
p- 237. 1882. 

Biedermann. LElectrophysiologie, p. 541. 1895. 

* Afanasieff. Archiv f. Anat. u. Physiol. 1865, p. 691 ; er 
Physiologie, 1. p. 150. 1885. 

Steinach. Pfliiger’s Archiv, p. 490. 1894. 

Hirschberg. Pfliiger’s Archiv, xxx1x. p. 75. 1886. 

7 Efron. Pfliiger’s Archiv, xxxvi. p. 488. 1885. Howell, dc. This Journal, xv1, 
p- 298. 1894. 
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(2) The Fallacies present in former researches. 

These though partly physiological, are mainly due to the inadequate 
elimination of physical alterations produced by changes in temperature. 

The physiological error is que to the blending of the two nerve 
processes comprised under the terms “ excitability” and “ conductivity.” 
The former term should be limited to the property possessed by tissues, 
which is manifested by their susceptibility to respond to external 
stimuli; the latter to the property which shows itself in the trans- 
mission of the localised response from the seat of such excitation. 

A large number of experiments (Piotrowski', Gad?, &.) appear 
to indicate that these two functions though intimately associated 
are by no means identical ; hence, in order to investigate -the influence 
of any agents upon the one care must be taken to eliminate as far as 
possible a simultaneous alteration in the other. This can be approxi- 
mately achieved in the case of temperature changes by careful localised 
warming or cooling of a portion of nerve in its continuity, and so 
arranging that the portion of tissue subjected to stimulation shall be 
the extreme. peripheral edge of such altered region; any change 
produced under these conditions must be preeminently one of ex- 
citability since conductivity will be but little affected. 

The physical fallacy is a still more serious one, since it appears to us 
to vitiate all the recorded observations on this subject. It is well 
known that temperature has a very considerable influence upon the 
electrical resistance of moist conductors, and that this is of such a 
character that heat diminishes the resistance and thus increases the 
intensity of the current traversing the moist conductor. 

Hence, unless special precautions are adopted, an apparent rise of 
excitability due to rise of temperature may be deduced from results 
which are in reality not a physiological augmentation of the responding 
tissue, but a physical increase in the exciting electrical stimulus, 

The extent to which this may occur can be seen by an experiment 
of the following kind. Two muscle nerve preparations A and B are 


1 Piotrowski. Du Bois-Reymond’s Archiv, 1893, p. 205. 
2 Gad. Du Bois-Reymond’s Archiv, 1888, p. 401, 
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made from the frog, and a stimulating break induced current is allowed 
to traverse both as in the subjoined diagram. Both nerves being at 
15° C., a strength of current is used which is just inadequate to evoke ~ 
a response in B. The nerve of A is now warmed to 25°C. when the 
stimulus becomes adequate for B although the temperature of its nerve 
is unaltered. The same result is obtained if instead of the induced 
current the galvanic current is used for stimulating the tissue. 

The familiar experiment of warming a tissue and observing that the 
response to a minimal electrical stimulus is thereby increased, may 
therefore be a demonstration of nothing more than the alteration of 
resistance and the consequent increased intensity of the electrical 
stimulus, the exciting value of which is thus augmented. 

Figs. 1 and 2 are records which demonstrate this alteration in 
resistance. In both cases the stimulating current traversed portions of 


Fic. 1. Experiment showing increase of current intensity through warming. The record 
is the muscular response of preparation B, the nerve of which is kept at 15°C. The 
exciting break induced currents traversed the nerves of both a control preparation 
and that of B as in preceding figure. The nerve of the control preparation was 
locally warmed and cooled; the duration and time of the temperature change are 
indicated by the recording thermometer. 


Fie. 2. Experiment showing increase of current intensity through warming. The record 
is the response of muscle B, the nerve being kept at 15° C.; the nerve of another 
preparation A was warmed and cooled: excitation by galvanic currents 4” duration 
which traversed the nerves of both A and B. . 
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the nerves of two preparations A and B in the manner shown in the 
previous illustration and at regular intervals of 5 secs, The nerve of A 
was warmed and cooled for definite periods, the change of temperature 
being indicated by the movements of a recording thermometer; the 
ascent indicating local rise from 6° to 25°C., the descent local fall 
through the same limits. The muscle of B, the nerve of which was 
unaffected by the temperature, was attached to the recording lever. In 
Fig. 1 it is seen that with break induced currents traversing both 
nerves, the effect of local warming of A was to increase the intensity of 
the stimulating currents so that the response of B to the excitation 
became maximal, on cooling A, the response of B ceased. 

In Fig. 2 is a record of similar effects, using a short galvanic current 
for stimulation, the results being of the same character. 

It is therefore imperative that in all attempts to ascertain whether 
or no the nerve excitability is itself altered by local temperature change, ~ 
special precautions should be taken to ensure that the exciting currents 
should be kept as far as possible of uniform intensity, and if these are 
allowed to vary with the temperature change that such variation should 
be determined. In this way only can the change due to physiological 
alteration in excitability be separated from that due to physical 
alteration in the intensity of the exeiting currents. 

The following are some of the devices adopted in the present research 
to determine and control this source of error. 

(1) The interposition in the exciting circuit of a high resistance 
galvanometer the deflections of which should indicate whether or no 
the galvanometric value of the exciting currents remained uniform. 

_ (2) The interposition of a second nerve muscle preparation as in 
the experiments just described. This was found to be a far more 
sensitive galvanoscope than the galvanometer for the determination of 
any alterations in currents of short duration. 

(3) The interposition of such a second nerve muscle preparation 
with a second temperature tube so that it could be cooled when the 
experimental one was warmed and vice versa. 

(4) The interposition in the exciting circuit of a large external 
resistance (100,000 ohms), in which case the change of tissue resistance 
through temperature becomes relatively to the whole so small as to be 
practicably a negligible quantity. 

Experiments were made under all these conditions but special 
attention is drawn to the last as an easy and convenient method of 
ensuring constancy. 
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(3) The index of Eacitability. 


The nerve muscle preparation was excited by a single stimulus | 
of its nerve through non-polarisable electrodes with threads soaked in 
06 NaCl solution. The intensity of the stimulus was reduced until 
the muscular response was approximately minimal; under these 
circumstances an augmentation of excitability at the seat of excitation 
was inferred if the muscular response was increased, a diminution if it 
was diminished or ceased. The physical constancy of the stimuli, when 
these were induced or galvanic currents, was provided for by an 
automatic revolving key or one opened by a spring traveller, the 
contact in all cases being broken in a uniform manner and at uniform 
velocity, Care was taken that the stimulus should be applied at 
perfectly regular intervals. One of the three methods described in the 
preceding paragraph was always employed for controlling and determin- 
ing any change in the intensity of the exciting currents due to the 
physical alterations in the resistance of the preparation. 

Finally the extent of the muscular contraction was recorded by the 
usual myograph lever upon a slowly revolving surface. 


(4) The alterations in Temperature. 

In order to produce and record localised alterations in temperature 
the following apparatus was used. The exposed tissue to be influenced 
was placed athwart a narrow thin-walled piece of hydrometer glass 
tubing, through which water at different temperatures could flow from 
suitable reservoirs. Between this tube and the reservoirs was interposed 
a small vertical glass vessel with inflow and outflow tubes. It contained 
a similar piece of thin-walled glass tubing filled with alcohol: both 
ends of this glass tube were closed, that of the upper by a diaphragm 
of thin indiarubber which carried a small recording style. The warming 
of the alcohol and of the tissue, both being the other side of the thin 
glass tubes, was thus practically simultaneous, and the expansion of the 
diaphragm recorded the onset, duration and extent of the change in 
temperature caused by the flow of water. In the tracings the ascent of 


_the line indicates warming, the descent cooling. 


(5) The Tissues investigated. 
The following tissues have been investigated : 
(i) the nerves of the frog, rabbit and cat ; 
(ii) the sartorius muscle of the frog ; 
(111) the cardiac muscle of the frog. 
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Various modifications in the arrangements were introduced in the 
case of these different tissues which are referred to in connection with 
the detailed description of the observations; the whole set are for 


convenience grouped in accordance with the above into Parts IL, 
IIT. and IV. 


(6) Modes of Eucitation. 


The following forms of stimulus have been used : 
(i) the galvanic current ; 
(ii) condenser discharges ; 
(iii)- make and break induction currents ; 
(iv) sinusoidal and symmetrically developed currents ; 
(v) mechanical and chemical stimuli. 
The subject-matter of each part thus falls into these sections unless 
otherwise indicated. — 


PART II. 
INFLUENCE OF TEMPERATURE UPON NERVE EXCITABILITY. 


(1) Eacitation by Galvanic currents. 

For experiments on this subject a rheochord was used connected 
with a battery of two or more Daniell cells; the circuit was closed for 
a definite period (varying from 01” to 5”) by a revolving mercurial 
key, the closures being indicated by the record of a magnetic signal. 
The rotating arm of the key carried platinum points which at each 
revolution of the arm dipped into two mercurial pools, Non-polaris- 
able electrodes with long threads covered with kaolin and soaked in 
06 */, NaCl were used to connect the derived circuit of the rheochord 
with the nerve. The derived circuit and electrodes was arranged to 
include a large resistance of 100,000 ohms, consisting either of a usual 
resistance coil or, to avoid any chance of induction, of either a sulphate — 
of zine resistance tube, or non-polarisable electrodes with long threads. 

The nerve of the preparation was placed athwart the temperature 
tube, and arranged so that one of the thread electrodes should make 
contact with it opposite the middle of the tube, the other some 
millimetres distant on the central side or at the point where the nerve 
swung clear of the tube. For the closing excitation the current was 
sent through the nerve in the descending direction so that the cathodal 
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seat of the excitation should be upon the peripheral edge of the cooled 
or warmed region. | 

With such an arrangement it was found that in all eases prepara- — 
tions from both winter and summer frogs gave the following results. 
An intensity of current too weak to excite at temperatures of 20° or 30° 
evoked a maximal contraction at each closure, when, with the whole 
apparatus unaltered, water at 5° was allowed to flow through the tube. 

The photographic reduction of one of many records is given in 
Fig. 3. It will be observed that the galvanic current, in this instance 


Fie. 8. Effect of local alteration of temperature upon nerve excitation by galvanic 
currents: 100,000 ohms in exciting circuit. Galvanic current descending nerve with 
cathodal seat of excitation upon temperature tube; current closed every 10” for 4” 
(2D. ; Bh. 18). The time relations and extent of the temperature change Gre indicated 
by the recording thermometer. 


05” duration, was allowed to traverse the nerve every five seconds 
as indicated by the signal line; and that when the temperature was 
raised from 5° to 20°C. (as shown by the tracing of the recording | 
thermometer), such closing stimulation was ineffectual, when lowered it 
became fully adequate. .The nerve excitability for galvanic currents of 
0°5” duration is in the case of the sciatic of the frog thus raised by 
localised cold; the same rise occurs with galvanic currents of longer 
duration, up to 5” or more. 

Similar results were obtained with the sciatic nerve of the cat or 
rabbit; the temperature tube being in these cases so constructed as 
to allow of its being slipped under a portion of the exposed. nerve, 
the limb fixed at the knee and the gastrocnemius connected with 
a suitable lever. It thus appeared that in both the mammal and the 
frog, localised cold caused an increase in nerve excitability for this form 
of stimulus, viz. the closure of a galvanic current. In the case of the 
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mammal the experiments were carried out under ether, but it was 
found that the same results could be obtained with the nerve of the 
recently killed animal. Three precautions must be taken in order to 
ehsure uncomplicated results; the first is to guard against unipolar 
spread. This does not seem to affect the result unless the experiment 
is, as it can be, repeated many times. In the present investigation it 
was avoided by so arranging the rotating mercurial key that by méans 
of an additional set of mercurial pools the rotating arm should close 
a short circuit for the exciting electrodes between the stimulation 
intervals. The second precaution is to ensure that the seat of excitation 
should be that operated on by the temperature change. This is effected 
by arranging the exciting cathode so as to be just on the proximal 
edge of the tube at a distance of 20 mm. from the muscle and always 
employing a descending current which excites on closure at this point. 

If ascending currents are used for excitation, then the results are 
often variable; so that an intensity of current, the closure of which 
excites the cooled nerve, sometimes appears to excite as well, or even 
better, when this is warmed. The tracing shown in Fig. 4 is an 
instance of this, | 


Fria. 4, Exeitation of nerve with weak ascending galvanic currents; cathodal seat of 
excitation 1 centimetre on central side of temperature tube. Galvanic current 
closed every 10” for 4” (2 D.; Bh. 13), 


The result with ascending currents is largely influenced by the 
distance between the exciting electrodes; when these are close 
together the change is similar to that invariably found to be present in 
the case of the descending current. It is evident that with an electrode 
each side of the tube, since the seat of the closing excitation is now at 
the upper electrode, the excitatory state has to traverse the region 
affected by temperature alteration. That the change in conductivity 
is the disturbing factor under these conditions is shown by the easily 
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demonstrable fact that the greater the length of altered nerve between 
the electrodes the greater becomes the augmentation through rise 
of temperature; with electrodes very close together both currents, the 
ascending and descending, excite better on closure when the nerve is 
cooled than when it is warmed. 

The third precaution has already been alluded to, it is to guard 
against the alteration in resistance affecting the intensity of the current 
and thus the strength of the stimulus. The extent to which this occurs 
is readily seen by using low resistance electrodes, such as platinum 
points, in the exciting circuit; under these circumstances there is 
great confusion in the records, but the general tendency is that the 
excitation is favoured by warmth up to 35°C. and disparaged by cold; 
on placing a large external resistance in the circuit the reversed true 
excitability change is always seen, 1.¢. the excitation is favoured by cold, 
and disparaged by warmth. It isclear that two opposite agencies are here 
brought into operation ; the fall of temperature causes (1) an augmen- 
tation of nerve excitability, and (2) through the simultaneous increase 
of electrical resistance, a diminution in the actual intensity of the 
stimulus. With a low resistance the second factor is so great that 
the effect of the first is overpowered; by placing a large external 


-resistance in the circuit this second factor is reduced to so small an 


amount that the true rise of excitability in the cold is able to manifest 
itself; this is so large that, even though the exciting stimulus is slightly 
diminished in intensity under these conditions, the excitation is now 
maximal, 

The rise of excitability to the stimulation on closure of a galvanic 
current due to localised cold is thus very considerable. 

Precisely similar results are obtained with the stimulation caused | 
on the opening of the galvanic current. In this case the current must 
be in the ascending direction so that the anodal seat of the opening 
excitation shall be on the peripheral edge of the temperature tube. 
In Fig. 5 is a record obtained on the frog preparation, the anodal 
electrode being on the nerve over the cooling tube, the cathodal 1 cm. 
higher up. It is evident that a strength of ascending current which 
excited at 10°C. both at closure (//) and at opening (B) was inadequate 
to excite at opening when the seat of excitation was raised to 30° C., or 
excited but rarely under these circumstances, The thick white line 
indicates the period of warming. | 

The tracing also shows that the muscle response to the closing 
excitation of the ascending current was favoured by warming the 
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-Intrapolar region. This was evidently due to the influence of the 
higher temperature upon the transmission of the excitatory process 
through the warmed nerve, since the closing excitation nerve response 
had to traverse this region. 

It may be remarked that local changes of temperature furnish 
extremely simple means for obtaining with currents of moderate 
intensity the muscle response to either the closure alone or the opening 
alone of a galvanic current, and also for demonstrating in a convenient 
manner the closing cathodal, and opening anodal seat of excitation. 


Fie. 5. Excitation of nerve with ascending galvanic currents of moderate intensity 
(Rh. 50); the anode on the temperature tube, the cathode 1 centimetre on central 
side. Temperature alternately 10°C. and 80° C, 


Thus local cold augments excitability but diminishes conductivity, 
hence an ascending current gives no closing but a strong opening 
contraction when one electrode is placed on the peripheral edge of the 
cooled region, the other above it. 

Local warmth has the reverse effect, diminishing excitability but 
augmenting conductivity, hence with an ascending current the closing 
contraction is pronounced, the breaking one fails. 

With a descending current local warmth may produce a small or | 
total failure of the closing contraction, but a pronounced opening one, 
since the latter occurring at the anodal distal electrode, the excitatory 
state evoked in the nerve is transmitted more easily through the 
warmed region. | 

Local cold causes the descending current to evoke a large closing 
effect and a small opening one: the former due to the augmentation of 
the cathodal seat of excitation at the peripheral edge of the cooled 
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region, the latter to the decrease in transmission from the excitation 
at the anode which now lies on the distal side of this region. 

The simplest proof that, the opening excitation is favoured by local — 
cold is that furnished by using a strength of ascending current which 
at ordinary temperatures gives the third stage of Pfltiger’s Law of 
Contraction, i.e. opening contraction only. If the anode is placed on 


Fre. 6. Excitation of nerve with strong ascending galvanic currents; anodal seat of 
opening excitation upon the temperature tube. No closing muscular response. 


the peripheral edge of the temperature tube, this contraction disappears 
on warming up to 35°0, and becomes maximal on cooling to 5°C. 
Fig. 6 is an example of this class of experiment. 

The above results furnish striking confirmation of the views 
advanced by Griinhagen, Gad, Piotrowski and others as to the 
separation of the processes underlying excitability and conductivity. 
For whereas local cold augments the capacity of the nerve to respond 
to the stimulus of a galvanic current, it depresses the capacity of any 
one portion of the nerve to respond to the presence of the excitatory 
change in its immediate neighbour, this latter being the basis of nerve 
transmission. Hence the response to external stimuli and the response 
to the internal physiological change which constitutes the excitatory 
state although intimately connected, cannot be regarded as involving 
identical nerve processes. 

In order to demonstrate this want of identity in its simplicity, it is 
only necessary to place the temperature tube 2 to 3 centimetres below 
the region of the exciting electrodes. It will then be found that exci- 
tation by the stimulating galvanic current evokes larger responses 
when this peripheral portion of the nerve is warmed, and smaller ones 
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when it is cooled. There are however some striking anomalies even 
here, particularly in connection with the excitation on closure of 
ascending currents. These anomalies will be included in a further 
contribution which deals especially with the influence of temperature 
upon nerve conductivity. 

To what extent are these results affected by the duration of the 
galvanic current? In the short note describing experiments made by 
Gotch and Titchener, published in the Proceedings of the Physio- 
logical Society (This Journal, x11. p. 1. 1891), evidence was given which 

appeared to show that with galvanic currents of very short duration 
~ (less than 005”), the excitability was favoured by warmth. Subsequent 
experiments have modified these results, since the apparent rise was in 
reality largely due to the want of proper precautions for the elimination 
of the physical alterations in the intensity of the stimulus through the 
temperature change. By means of a specially modified spring rheotome 
with double make and double break keys, we have been able to vary 
the duration of the galvanic current from 05” to “005”, and we have 
found that in all cases the excitability of the nerve was increased by 
localised cold. § This will be made clear by the following table in 
which the numbers signify the rheochord intensity, 100 being the full 
strength. It is seen that this example of many similar observations 
shows that the minimal current intensity has at 30° to be twice as 
great in order to excite as at 8° or 2° C. (7.e. 12 instead of 6 Rheochord 
scale). 


Duration of Temperature | t 
current of nerve (2 in theochord) 


04 2° 5 rheochord 
5 


01 2 | 
005 2 6 
‘04 g° 
02 65, 
‘Ol 8 6°5 ” 
005 8 7 
‘04 12° 7 | 
‘02 12 7 

‘Ol 12 7 
005 12 8 
04 30° 16 
02 30 12 ” | 
‘Ol 30 12 
005 30 12 
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In the above experiment the rheochord intensity was ascertained 
which would evoke a response with the nerve under different conditions 
as regards temperature and with excitation by means of galvanic 
currents, the closing time of which varied from 04” to 005”. 

In order to determine the effect with still shorter closures various 
methods were adopted of which the most satisfactory seemed to be the 
strict limitation of the closure to 002” and the observation of the effect 
of localised temperature change upon the minimal muscle response. 

The results were generally controlled by alternating a series of 
experiments of this character with others in which the duration of 
closure was increased to ‘05”. . 

The following table shows the results of these experiments. It will 
be seen that with the short closure a response could be obtained at 25° 
or 30°C. to a stimulus which was inadequate at 10° or 5°C. although 
with the longer closure of ‘05”; a stimulus which was adequate at the 
lower was inadequate at the higher temperature. 


of nerve Rheochord Excitatory effect used 
Closing Time 002”. 


25° C. 35 nse Frog, sciatic 
10 35 il = 
10 35 Nil ‘is 
25 35 Response (minimal) 
25 35 Response (large) ” 
25 35 Response as 
Closing Time 
22° 25 Nil 
10 25 Response (minimal) 1 
10 25 Response (large) = 
22 25 Response (minimal) i. 
22 25 
22 25 Nil 1” 
Closing Time 002” 
25° C 40 Response (large) ” 
25 40 Response large) ” 
5 40 Response (minimal) ie 
5 40 Nil = 
5 40 Nil ” 
25 40 Pcsponse 
25 40 
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Closing Time 
25° C. 25 Nil Frog, sciatic 
25 25 Nil ia 
10 25 Response (large) v 
20 Response (large) 
10 20 Response 
25 20 Nil 
25 20 Nil 
Closing Time -002” 
25° C. 40 Response Cat, sciatic 
5 40 Nil 
25 40 ” 
5 40 Nil 


The above experiments with the shorter closure of 002 were made 
with a resistance of 100,000 ohms in the derived rheochord circuit 
besides that of the electrodes and nerve preparation. They confirmed 
those previously published; an intensity of current could always be 
obtained which would excite at 30°C. but not at 10°C. Since how- 
ever the temperature may even under these circumstances slightly 
diminish the intensity of the exciting current, the results have to be 
received with caution. 

This is the more necessary from the experimental results obtained 
when a still larger external resistance was interposed in the exciting 
rheochord circuit. This resistance consisted of about a metre of 
threads made into a cable about 3mm. thick and plastered with kaolin 
soaked in 0°6°/, NaCl, lying between two non-polarisable electrodes. 
With this arrangement the nerve excitation was found to be adequate 
to evoke a minimal muscle response when the seat of stimulation was 
cooled to 5° C. but the response failed on warming to 25° C. 

The physical alteration in the intensity of the galvanic current is 
undoubtedly associated with polarisation, it seems therefore highly 
improbable that such alteration should be increased in the case of these 
short duration closures, 

The difficulty in obtaining definite results under these circumstances 
seems to us to point rather to a proportionately diminished suscepti- 
bility of cooled nerve to excitation by these stimuli, The whole effect 
of cold may be regarded as the algebraic sum of two opposing factors, 
physical diminution of exciting current intensity and physiological 
increase in nerve susceptibility to this form of stimulus; there is no 
adequate reason fur supposing any augmentation of the former change, 
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hence we are compelled to assume a diminution in the physiological 
change. 

There appears therefore to be no such marked augmentation of 
excitability through localised cold in the case of such stimuli as 
galvanic currents of very short duration 002”; and except under the 
conditions referred to, the exciting effect of such currents often appears 
to be actually diminished by the lower temperature. This anomalous 
result opens up questions of very considerable interest since it will be 
made clear that the rise of excitability through localised cold is not a 
general augmentation for all forms of stimulus, but is to be regarded as 
a specific rise for specific modes of excitation, one of which undoubtedly 
is the galvanic current of 005” minimal duration. This feature will be 
referred to again in connection with the response of the tissue to the 
induced current. As regards the range of temperature change, the 
increased excitability of the motor nerves produced by localised cooling 
is apparent when the temperature is lowered from a maximal limit of 
40° to a minimal one of 2°C. Above and below these points, the 
results are confused presumably owing to the temperature ene 
injurious effects beyond these extreme limits. 

Eacitability of Afferent Nerves. 

In order to ascertain whether the above results held good for 
afferent as well as efferent nerves, experiments were carried out upon 
the,sciatic nerve, when severed from its peripheral attachments but 
still in connection with the spinal cord of the frog from which the 
sensorium had been removed by appropriate destruction of the cerebral 
hemispheres. The gastrocnemius of one limb was prepared for record- 
ing its reflex contractions. The nerve of the opposite side was placed 
athwart the cooling tube as in the preceding experiments and con- 
nected with the threads of non-polarisable electrodes close to the 
central side of the tube. The rheochord was now alternately connected 
with one of two batteries, these being so arranged that the connection 
with one should be the reverse of that with the other; thus when the 
two connections were made in rapid succession, an alternating series of 
galvanic currents was sent through the rheochord and its derived 
electrode circuit. To effect this a special alternating key was used 
consisting of a Smith’s electromagnetic signal with two insulated 
see-saw arms carrying platinum wires. These dipped into mercurial 
cups and thus first one battery circuit was closed for a brief period 
and then the other. The signal was driven by a special battery and 
interruptor at a rate of 50 per second, so that the nerve was traversed 
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by 100 alternating galvanic currents. The arrangement insured that 
the alternating currents should be of equal intensity, but in order to 
make them of equal duration a further adjustment was found necessary, 
This adjustment enabled each mercurial meniscus to be altered in 
height until a galvanometer interposed in place of the nerve showed no 
deflection. A double break key and switch allowed these currents to 
be sent either through the nerve or through the galvanometer. The 
apparatus under these conditions caused the passage through the nerve 
of alternating galvanic currents similar in intensity and duration, and 
at a rate of 100 per second. 

It was found that if at any given temperature the rheochord 
derivation was just inadequate to evoke a reflex in the opposite limb, 
such reflex could always be obtained by cooling the excited nerve at 
the seat of excitation, 


Fic. 7. Reflex response to excitation of nerve by a rapid series of alternating galvanic 
currents, The excited afferent nerve rested upon the temperature tube. 


Fig. 7 is an illustration of the records obtained. It will be 
seen that, on cooling to 5° as indicated by the fall of the thermometer 
record, three reflexes were obtained in response to the brief closure of 
the exciting galvanic currents. On warming up to 30°, these responses 
failed, but returned again with renewed cooling. 

The augmentation of the nerve response to the stimulus on closing 
a galvanic current is thus brought about by localised cooling in afferent 
as well as efferent nerves. 


Rheonome Currents. 


The excitation of nerve by currents undergoing lineal variations of 
intensity was investigated by Fleisch! through an instrument (rheo- 
nome) which is practically a revolving rheochord. Such a rheonome, 
modified so as to be capable of being continuously driven at a constant 
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speed by a motor, was made use of for ascertaining how far such 
currents excite in the same way as those which commence and end 
abruptly. 

The circular trough of the rheonome, containing saturated ZnSO, 
solution, does not allow of the rotating zinc arms which dip into it 
being driven at any great velocity owing to the splashing of the liquid. 

With the instrument here used a velocity of 70 revolutions in 
1 minute secured comparative freedom from splashing and accordingly 
this rate was used in the experiments. The rheonome trough was 
connected with from 3 to 4 Daniell cells, the connections from the 
rotating arms being made to the non-polarisable electrodes, the threads 
of which were placed in connection with the sciatic nerve of the frog’s 
muscle nerve preparation. Care was taken that the thread contacts 
should lie upon the nerve close to the point where this crossed the 
temperature tube, and the length of the threads was such as to secure a 
resistance of 100,000 ohms in the exciting circuit. With this arrange- 


Fie. 8. Excitation of nerve with Fleischl’s rheonome. Seat of excitation upon tempera- 
ture tube; the direction of movement is from right to left. The descending current 
of the rheonome evoked a smaller response than the ascending one. 


ment each complete revolution caused two minimal responses of the 
muscle when the stimulated nerve was at 17°C. On raising the 
temperature at the seat of excitation to 30° C. the responses diminished 
and failed ; on cooling it to 17° again they reappeared and increased. 
Fig. 8 is an example of such a record. It will be observed that the 
two excitations are not equal. This is due to the position of the thread 
contacts; the peripheral one was placed on the temperature tube, the 
central one 1 mm. farther from the muscle. The passage of the 
descending current must thus cause a larger response than that of the 
ascending, since in the latter case the cathodal seat of excitation has an 
anodic area between it and the muscle. It will be noticed also that the 
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smaller response is the first to diminish and disappear on warming, the 
last to reappear on cooling, due chiefly to the fact that it is smaller, i.e. 
more minimal, but partly to the influence of the temperature upon the 
polar changes. 

This result is quite in harmony with all the preceding ones and will 
be referred to again in connection with the sinusoidal currents described 
in section (4). 


(2) Eucitation by Condenser Discharge. 


Experiments similar in character to those described in the preceding 
section were made, using the discharge of a condenser as an electrical 
stimulus, 

Special arrangements were employed in order to obtain a series 
of condenser discharges of uniform character. These consisted in the 
use of a see-saw key, the insulated arms of which dipped in and out of 
insulated mercurial pools. The insulation was made as effective as 
possible by means of paraffin ; but since there was a perceptible leakage 
from the condenser when this was charged, it was found essential to 
arrange that the time elapsing between charge and discharge should be 
always the same. The key was therefore moved by a rotating wheel 
which raised and lowered its arms with uniform velocity once in every 
revolution. In this way the one arm of the key, when lowered, placed 
the coudenser in connection with a rheochord and battery for a definite 
time, it was then raised and, after a definite interval, the other arm was 
lowered and placed the charged condenser in connection with the 
exciting electrodes and tissue. Thus uniform periods of time were 
secured (1) for the charge of the condenser, (2) for the leakage, (3) for 
complete discharge through the preparation. 

Experiments were now made upon the sciatic nerve; the exciting 
circuit was arranged to include the non-polarisable electrodes, and 
an external resistance ; descending currents were employed, so that the 
cathodal seat of excitation should be on the edge of the cooling tube. 
The gastrocnemius was prepared in the usual way and a minimal ex- 
citing stimulus obtained by using a condenser of 0°5 microfarad capacity 
and connecting it with an electromotive source indicated by rheochord 
40 to 60 (rheochord 100=,8, Daniell); the actual amount varying 
with the condition and character of the nerve. 

It was found that with a strength of stimulus just inadequate to 
excite when the excited nerve region was locally warmed to 30°, the 
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effect of cooling was to render this stimulus adequate and thus to evoke 
a maximal response. Precisely similar results were obtained both in 
the sciatic of the frog and in that of the cat. The record given in fig. 9 
shows one such experiment made upon the cat, the animal in this case 


Fie. 9. Excitation of nerve by descending condenser discharge every 15” ; 
cathodal seat of excitation upon the temperature tube. 


being etherised and the sciatic divided high up near the sciatic notch. 
It will be observed that on the fall of temperature, indicated by the 
descent of the thermometer record, each condenser discharge at 
intervals of 5 seconds evoked a maximal response; on warming the 
nerve the response became first minimal and then ceased, it reappeared 
when the nerve was again cooled. Similar results were obtained with 
preparations from the rabbit. 

The above effects were obtained when the condenser discharge was 
such as to descend the short portion of nerve (1 to 2 mm.) between the 
exciting electrodes. With ascending condenser currents the results 
became confused, resembling in all respects the variations already 
described in section 1 as found with the galvanic current, and evidently 
due to changes in conductivity masking those of excitability. 

In all respects the influence of temperature appeared to be the 
same whether the condenser current was used or the galvanic current, 
provided the latter was more than 0025” in duration. It thus appears 
that the nerve responds better to stimulation by condenser dis- 
charges if the seat of stimulation is locally cooled. The result is 
remarkable inasmuch as although the condenser current is presumably 
of very short duration the tissue behaves to it as it does to galvanic 
currents of longer duration (005” and onwards). Hence the difficulty 
previously noted in obtaining definite results with galvanic currents of 
002” duration cannot be interpreted as the universal characteristic of 
the response to brief electrical currents. 
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The similarity in the behaviour of the nerve to condenser discharges 
and galvanic currents of a duration of 005” onwards, is rendered still 
more inexplicable when contrasted with the result of experiments with 
the induced current to be next described. 


(3) Eacitation with Induced currents. 


The observations upon this subject were first made by a method 
similar in general arrangement to that described in the preceding 
sections ; a standardised Kronecker induction coil being used with a 
rotating automatic key in the circuit of its primary coil. This key was 
driven by a motor so that it caused a break induction shock every five 
seconds; in many cases a breaking key was used, opened by the 
passage of the spring rheotome. The nerve muscle preparation of the 
frog was prepared and arranged as in the preceding experiments, 
non-polarisable electrodes with threads being used for exciting the 
nerve where it lay athwart the temperature tube. The break induced 
current was arranged to be descending so that the cathodal seat of 
excitation should be on the peripheral edge of the tube and a large 
resistance (100,000 ohms) was introduced into the exciting (secondary) 
circuit. 

The results obtained were always such that with a minimal stimulus 
at any given temperature the response became maximal when the 
temperature was raised, it was diminished and failed when the tem- 
perature was lowered. This was found to be the case both in the frog’s 
nerve and in that of the cat. 


Fie. 10. Excitation of nerve by break induced currents, one every 5”; additional large 
resistance (100,000 ohms) in exciting circuit; cathodal seat of excitation upon tem- 
perature tube; temperature change from 5° to 30° C., indicated by recording 
thermometer. 

Fig. 10 is an instance of the result in the case of the frog; the 
moment of excitation is recorded immediately below the record of the 
gastrochemius response. It will be observed that on raising the 
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temperature as indicated by the rise in the thermometer record the 
contractions increased and became maximal, on lowering it they failed. 

A large number of such results were obtained all of the same 
character so as to leave no doubt that even with a very large resistance 
in the circuit the result of a local rise of temperature is to augment the 
response, It then became necessary to ascertain how far this aug- 
mentation was due to the undoubted decrease in the resistance with a 
corresponding increase in the intensity of the exciting induced current, 
and whether there was any evidence of an augmentation, through local 
warming, in the physiological excitability of the nerve for such stimuli 
irrespective of this physical increase. 

To determine this three different sets of stpeliniial were carried 
out, 

(1) In the first set a celicate high resistance galvanometer was 
interposed in the exciting circuit, so that the exciting current traversed 
both this and the nerve. 

The break induced current was obtained by the opening of a key 
at each passage of a spring rheotome (Federmyographion) and one 
observer recorded and examined the character of the muscle response 
whilst the other ascertained the extent of the galvanometric deflection 
produced by the break induced current. 

The results of a series of experiments are appended in the following 
table : 


Position of coil 
umbers indicate 
ity with Kronecker’s Galvanometric Muscle 
Temperature graduated coil) response 
24° 60 215 Contraction 
5 60 200 Nil 
5 100 212 Nil 
24 40 208 Contraction 
6 100 220 Nil 
6 80 205 Nil 
28 80 245 Contraction 
5 120 272 Nil 


It is evident from this table that although the rise of temperature 
does increase the actual intensity of the induced current, the cooled 
nerve is not excited even when, by altering the position of the secondary 
coil, the intensity of the induction current is such as to give a larger 
galvanometric deflection than that produced by an exciting shock 
which is adequate for the warmed nerve. The nerve is thus more 
excitable.in the warm than in the cold to the break induced current. 
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(2) This result was confirmed by observations in which a second 
nerve muscle preparation took the place of the galvanometer, this 
constituting a more sensitive galvanoscope. The second preparation 
was arranged so that its nerve should be traversed by the same induced 
current as excited that of the warmed or cooled preparation. In order 
that both muscular responses should be minimal, the intensity of 
stimulus was first adjusted to secure this in the preparation, the 
temperature of which could be altered, the electrodes were then 
so arranged that the same minimal effect was evoked in the control 
preparation ; the arrangement was facilitated by placing a small piece — 
of muscle along the side of the nerve of this second galvanoscopic nerve 
and altering its position until either the minimal response occurred in 
both muscles or until the galvanoscopic preparation gave no response. 

The following table shows the results of three series of observations 
made in this way. The first series (1) shows that with an intensity of 
current adjusted so as to be just inadequate to excite the galvanoscopic 
preparation B, the response of A was evoked when this was warmed, 
but failed when it was cooled. The large external resistance (50,000 
ohms) in the exciting circuit was evidently sufficient to diminish the 
change in current intensity through the temperature change, since the 
control preparation B gave no indication of any marked increase in the 
current during the local warming. 

In the second series (II) the intensity was adjusted so as to be 
just adequate to evoke a slight response in both A and B, at ordinary 
temperature. On raising the temperature of A to 26°C. the response 
of A became maximal, that of B being minimal; on lowering the tem- 
perature to 5°C. the response of A failed, even when an intensity of 
current was used sufficient to evoke the minimal response in B. 

Finally in the third series (III) an additional external resistance 
(100,000 ohms) was introduced into the exciting circuit so as to di- 
minish still further any alterations through temperature in the current 
intensity. 

The stimulus intensity was adjusted so that with the experimental 
preparation A at 26°C. the break induced current should be just 
adequate to evoke responses in both preparations. On cooling the 
nerve of A to 5° C. the response of A ceased, whilst that of B continued 
unaltered. The cessation of A must therefore be due to decrease 
in excitability, since any decrease in the intensity of the exciting 
current would show itself by a diminution in the response of the 
control preparation B and no such diminution was observed. 
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Temperature Position of 3 Effect in 
of nerve secondary Effect observed galvanoscopic 
of A coil in A preparation B 
5° 18-5cms. Nil Nil 
5 
26 Contraction 
i 26 ” ” ” 
26 Maximal contraction 
(26° 17 cms, Maximal contraction § Slight minimal con- 
traction 
26 ” ” ” 
26 ” ” ” 
5 ¥ Nil Nil 
5 16 cms. és Minimal contraction 
5 
” 
5 ” ” 
5 ” 
5 15 cms. Minimal contraction Large maximal con- 
traction 
5 » ” ” 
5 14 cms. Maximal 
26° 16 cms. Minimal contraction Minimal contraction 
III 26 ” ” ” ” 
(with 26 ” ” ” ” ” 
additional ) 26 ” ” ” ” ” 
100,000 | 5 ” ” ” ” 
ohms) 4 ” ” ” ” 


(3) The importance of the results conflicting as they do, with those 
of sections (1) and (2), rendered it advisable to make quite certain that 
the greater effectiveness of the induced current in the warmed nerve 
was really due to physiological and not to physical alterations, Although 
the above experiments seem to us conclusive on this point; we clinched 
the matter by employing a third method. This consisted in having 
two preparations similar to those just described in the exciting 
circuit, but instead of using the control one as a galvanoscope, it was 
arranged so that, by means of an additional temperature tube, it should 
be warmed when the experimental one was cooled and vice versa. The 
results were precisely similar to those just given. The experimental 
preparation responded when warmed and failed to respond when locally 
cooled. 


There is therefore no doubt that nerve is more readily excited 
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by such stimuli as break induced currents when warmed ; and similar 
observations with the make induced current showed the same favourable 
effect of warmth. 

Since in these cases excitability and conductivity are similarly 
favoured by the higher temperature, there is no appreciable difference 
of result dependent upon the direction (ascending or descending) of 
the exciting induced current. We have therefore with these stimuli 
results opposite in character to those obtained with galvanic currents 
(of 005” duration or over) and with condenser currents. 

The conclusions arrived at by most previous observers upon this 
subject are thus confirmed, although the methods made use of by 
them were defective, since the physical differences in current intensity 
due to the temperature were disregarded. The increased susceptibility 
of warmed nerve to such stimulation previously observed, was due first 
to actual increased excitability for the particular form of stimulus 
employed (the induced current), secondly to the increased conductivity 
of the nerve outside the stimulated area, and thirdly to the increased 
intensity of the exciting induced current through the lowered tissue 
resistance. All these factors work in the same direction, te. towards 
an augmentation of the excitation effect, but it is obvious that when 
from such experiments it is concluded that nerve excitability is 
increased by warmth, such a conclusion is a generalisation far more 
sweeping than the facts thus brought forward warrant. The physio- 
logical augmentation has not, as far as we know, been ever ascertained 
after careful elimination of the other factors, and such augmentation, 
now that it is shown to exist, refers merely to the excitation of 
nerve by the special stimulus employed. Reference has already been 
made to the experiments of Hirschberg’; a glance at the description 
of the experimental methods there employed will afford ample justi- 
fication fur the criticism that they in no way demonstrate changes in 
nerve excitability, since the separation of the factors was not attempted. 
The methods employed by Howell, Budgett and Leonard® seem 
also to have entailed the complete disregard of these other factors. 

It appears that the authors were chiefly engaged upon the pheno- 
ena of conductivity and that “irritability” although forming a part 
f the title réle of their paper was not directly investigated at all. The 
stimulus appears to have been unreliable; it consisted apparently, in 
a series of induced currents caused by the vibrations of the ordinary 


Hirschberg. Pfliiger’s Archiv, xxxrx. p. 75. 1886. 
? Howell. This Journal, xvi. p. 298. 1894. 


+ 
t 
f 


272 F. GOTCH AND J. 8. MACDONALD. 


interruptor of the Du Bois Inductorium, passed through the nerve at 
varying intervals and for periods of uncertain duration: thus the 
conclusions arrived at by these authors, as regards even conductivity, 
can only be considered as indications for future verification or the 
reverse. The experiments of Efron’ are equally open to criticism. 
The nerve was placed upon a copper box through different compartments 
of which water at different temperatures could flow, the nerve was 
excited by copper electrodes, and the excitation was tetanisation 
brought about by the Wagner hammer of an induction coil. No steps 
were taken either to ensure uniformity in the physical conditions of the 
currents, or to eliminate the changes in their intensity which must 
have been caused by the temperature changes. With such crude 
methods Efron found increased susceptibility to his stimuli on warming 
when the upper part of the sciatic nerve was investigated, and on 
cooling when the lower part was investigated ; but in the latter case the 
augmentation on cooling was succeeded by a diminution. The 
temperature limits of the warming chamber given in the protocol 
varied from 38° to 62°C. The only temperature below these was that 
caused by placing the nerve on ice and then lifting it up and exciting 
the cooled region. It is scarcely necessary to point out that the above 
cannot be considered an exact investigation, yet it was deemed sufficient 
for the generalisation that the excitability of nerve is increased by rise 
of temperature, 

In the experiments brought forward in this communication the 
nerve has been excited in all its regions, upper and lower, without 
in any way modifying the general character of the results, provided 
that care is taken not to include a cut branch or the cut end, when, 
as is well known, the demarcation current itself causes changes of 
excitability and the influence of temperature on these evidently in- 
troduces subject matter beyond the scope of the present inquiry. As 
far as we know we are thus justified in making the statement that 
the observations described in this section show, for the first time, 
that nerve is actually more excitable to break and make induced 
currents when locally -warmed. 


(4) Eacitation with Sinusoidal alternating currents. 
These have been employed by Marés in his work upon the relation 
between electrical excitation and neuro-muscular response*, The 


1 Efron. Pfliger’s Archiv, p. 488. 1886, 
2 Marés. “Sur la relation entre l’excitant électrique et la réaction neuromusculaire.” 
(Extrait des Publications de l’ Académie Boheme des Sciences % Prague) 1893. 
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apparatus for their production was shown at the Physiological Congress 
of Liége, and consisted in allowing a magnet to fall with a uniform 
velocity through the centre .of an induction coil. The induced currents 
thus produced are ones the £.M.¥F. of which increases and diminishes 
uniformly, and since the passage of the falling core causes two such 
effects opposite in direction but similar in character and time relations, 
each fall of the magnet weight produces a uniform stimulus due to 
the rapid succession of two perfectly similar sinusoidal induced currents, 
the varying intensity of which might be represented graphically as a 
symmetrical undulation. 

Marés, referring to the preliminary observations made by one of us 
at the Liége Congress, upon the effect of temperature, states that 
experiments carried out by him on frog’s nerve showed that local fall of 
temperature caused an increase of excitability followed by a subsequent 
diminution, whilst local rise caused the reverse. 

It does not appear that Marés took sufficient precautions to 
eliminate the sources of error so frequently referred to in the preceding 
remarks, but his experiments are at any rate to be trusted in one 
respect, for the method of producing the stimulating currents ensured 
their uniformity. 

Further, no physical alteration through fall of temperature can 
make the intensity of the exciting current greater; hence when the 
tissue is cooled, the initial stages of the phenomena may be taken 
as due to actual alteration in nerve susceptibility to this form of 
stimulation. It is otherwise with the subsequent stages, these are 
taken by Marés as indications that there are in nerve two opposite 
processes of physiological change which are at the basis of excitation ; 
the production of one is at first in excess of that of the other, but 
subsequently this relationship is reversed. There is an accumulating 
mass of evidence in favour of the position taken up by Marés, 
to which that of Waller as to the positive and negative excitatory 
states of nerve, is the latest contribution. It cannot, however, be said 
that the experimental data given by Marés are convincing, since 
the physical errors due to change of resistance through temperature 
were not taken into account. It thus appeared of some importance to 
ascertain again by experiments devised for the purpose the influence of 
temperature upon excitation by symmetrical sinusoidal currents such as 
Marés employed. 

These symmetrical currents are capable of being expressed graphic- 
ally as undulating curves; and as the duration of a galvanic current 
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was found to have a marked influence on the result (see section 1) it 
was necessary to be able to obtain such currents of very brief, as well 
as of more prolonged, duration. 

This was achieved by means of two instruments, the principle of 
each being identical; a magnet or a coil of wire through which a 
current was established, was rapidly swung past a fixed coil of wire, 
this acting as the secondary coil of an ordinary inductorium. The fixed 
coil was connected with the nerve. 

Slowly developed sinusoidal currents. The regular slow swing of 
the magnet (or primary coil with a core) was accomplished by fixing 
this upon a pendulum; the pendulum was always released in the 
same way and the magnet, or primary coil, was thus carried past the 
fixed one at a constant velocity. With a battery of from 6 to 10 volts 
in the primary magnet coil, each swing caused an excitation of the 
sciatic nerve of the frog, even when the electrodes’ used for the nerve 
were non-polarisable with threads of a resistance 50,000 ohms, and 
an additional resistance of 100,000 ohms was placed in the exciting 
circuit. The nerve was placed athwart the temperature tube, the 
threads lying in contact with the nerve where it lay upon the tube. 
The pendulum was released every minute and was allowed to swing 
about 10 times. The results were found to be quite constant, one 
example is given in Fig. 11. On warming the nerve locally at the seat 
of excitation to 30° C. the set of single responses corresponding to the 
pendulum swings at once became smaller and ultimately failed; on 
cooling to 10°C, they became maximal; the augmentation of ex- 
citability to this form of stimulus through cold is very distinct and can 
be repeated many times on the same preparation. 

The same augmentation to cold was observed in the case of the 
mammalian nerve. The experiments thus confirm the first part of 
Marés’ statement, but as no subsequent reversal of effect was observed, 
they do not show his second subsequent change. 

It was found that with the speed of pendulum employed, the 
symmetrical current produced, took a minimum of +}, sec. to develop to 
its full intensity; the result is thus strictly comparable as regards its 
relationship to temperature with that of the galvanic current of similar 
duration. This correspondénce was strikingly confirmed by the ex- 
periments to be next referred to. 

Rapidly developed sinusoidal currents. These were produced by 
rotating at high speed a magnet between two coils of wire; the rotator 
carried 12 such magnets and was driven at a speed which caused from 
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300 to 500 alternating currents per second. The intensity of these 
currents was rendered adequate by placing a battery of from 6 to 
12 volts in connection with one set of coils; and connecting the others 
with the exciting circuit. . 

The character of the currents is slightly different from those of 
Marés’ apparatus and if represented graphically would show sym- 
metrical undulations with sharper peaks at the crest and trough of each 
undulation, By placing a primary induction coil in the derived circuit 
and using the secondary of this for excitation, the undulating series is 
transformed and becomes strictly sinusoidal in character. Both the 
peaked undulations and the sinusoidal were used for excitation. The 
time of development of either of these currents, .e. the time from the 
trough to the crest, was 001” to 002”. The excitation of the sciatic 
nerve when it lay athwart the temperature tube was carried eut-under 
all the precautions previously alluded to. 

In the case of the symmetrical undulations of current without the 
transformer (i.e. undulations with peaks) the results of warming and 
cooling were not always the same, In the great majority of cases the 
excitation proved most effectual at 30°C., but a few instances were 
observed in which there was an apparent increased susceptibility as the 
nerve was cooled at the seat of excitation down to 5° C. | 

The speed of the rotator which appeared to give the most uniform 
results was one which caused 500 undulations per second ; and this rate 
was employed in the following experiments. A battery of 10 to 12 
volts was connected with one set of coils of the machine; the other 
set being then connected through a large resistance with the non- 
polarisable exciting electrodes. In order to ascertain whether the 
intensity of the exciting currents was appreciably altered by the 
change of temperature in the excited nerve, the exciting circuit com- 
prised a second pair of non-polarisable electrodes, nerve, &c. as a 
control galvanoscope. 

The result generally obtained was one in which a large fused tetanus 
curve was obtained from the nerve muscle preparation of the frog when 
the seat of excitation was warmed to 30° C., but a flickering one when 
this was cooled to 12°C. This favourable influence of warmth is shown 
in Fig. 12. In Fig. 13 is a double record; thé second control nerve 
muscle preparation (8) was also recorded and the extent of its record 
thus shows whether the intensity of the stimulus was altered by 
the change of temperature in the experimental preparation (A). The 
preparation (B) was kept throughout at the same temperature. The 
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Fie. 12, Excitation of nerve With Fapia Series Of sinusoidal currents of very short 
— obtained by rotating magnet apparatus. Seat of excitation upon temperature 
ta 
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Control 
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Fic, 13. Excitation of nerve @8 in fg. 12, Dut currents allowed to traverse two nerves, of 
which one only, A, was upon temperature tube. The record of B indicates change in 
the intensity of the exciting currents through the temperature. 
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upper complete tetanus curve is that of (A) when its nerve was warmed 
at the seat of excitation to 30°C.; the flickering tetanus curve below it — 
is that of (A) when its nerve was similarly cooled locally to 12°C. 
Below these are the flickering tetanic contractions of the control 
preparation B; the lowest being that recorded simultaneously with the 
response of A with its stimulated nerve at 12°C., the lowest but one 
the control response of B when the nerve of A was at 30°C. It is seen 
that the response of the control preparation is more pronounced in the 
latter case, indicating that the rise of temperature caused an increase in 
the intensity of the exciting currents. The difference -between the 
tetanic contraction of A at 30°C. and 12°C. is however far more 
pronounced than the intensity difference shown in B. 

The interposition of a very large resistance in the exciting circuit 
was found to be impracticable owing to the feeble intensity of the 
exciting currents, but we consider ourselves justified in the inference 
that local cooling does not augment the excitability of.the nerve to 
stimulation by these currents. This conclusion is confirmed by the 
results of experiments made with rapidly alternating currents of the 
same average duration but of a more strictly sinusoidal character. 

It has been already explained that this was effected by placing the 
primary coil of an inductorium in the exciting circuit. The sym- 
metrical peaked alternating currents were thus allowed to traverse 
the primary coil and, as this contained a heavy core, they produced a 
series of alternating-sinusoidal currents in the secondary coil. 

The secondary was now joined up to the two preparations (A) and 
(B), so that these sinusoidal currents should traverse both, and an 
arrangement made so that when (A) was warmed (B) should be cooled 
and vice versa. In Fig. 14 is given a reduced photographic reproduction 
of the effect produced when the preparation (A) was the sciatic nerve 
of the rabbit. In order to avoid the exhaustion effects of muscular 
tetanus, a rotating mercurial key was used in the secondary coil circuit 
which opened a short circuit for this circuit every five seconds for 
01 secs. It will be seen that the muscular contraction evoked with 
each stimulation was very large when the nerve was locally warmed at 
the excited region and failed when this was locally cooled. Similar 
results were obtained with the sciatic nerve of the frog. 

It thus appears that with the apparatus used a rapid series of 
symmetrical alternating currents of short duration stimulate better 
when the nerve is locally warmed. It has been previously pointed out, 
in connection with the excitation by the galvanic current, that with the 
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linear variations produced by Fleischl’s rheonome, excitation occurs 
better in proportion as the temperature of the nerve at the excited 
region is lowered. This discrepancy of effect is in harmony with the 


Fra, 14, Excitation of Nerve by sinusoidal currents obtained by placing an induction 
coil between rotating magnet apparatus and electrode connections. (Curves to be 
read from right to left.) 

difference in the behaviour of long and short galvanic currents, for the 

great difference between the sinusoidal currents here used and the 

rheonome currents is one of duration; the former in all probability 
lasted only from ‘001 secs. to 002 secs., the latter from } sec. to 4 sec. 

It must however be admitted that, unlike the observations recorded 

previously, the results obtained with the fast rotator were by no means 

uniform ; it is possible that this was due to the condition of the frogs. 

Our experiments were done on summer frogs which have been found to 

give variable excitatory effects; it is however worthy of note that in 

regard to the influence of local temperature change upon the excitation 
by the pendulum swinging magnet, by the galvanic, the condenser or 
PH. XX, 19 
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the make and break induction currents, previously described, no such 
variability was shown in summer frogs, which behaved in all respects 
like winter ones. It appears therefore as more probable that the 
sinusoidal currents used were really on a borderland, as in the case of 
galvanic currents of short closure. Confirmation of this was obtained 
by driving the rotator at a slower rate, 250 per second; in this case 
there is still the same variability, one preparation being excited better 
on cooling and another on warming, but, unlike those with faster rates, 
the instances in which excitation occurred better on cooling were far 
more numerous than those in which it was favoured by warmth. It 
was found to be a matter of some practical difficulty to obtain, at still 
slower rates, currents sufficiently intense to excite the nerve, when the 
essential large resistance was included in the exciting circuit; the results 
cannot therefore be considered as satisfactory. There is however no 
doubt as to the essential fact that the comparatively slowly developed 
pendulum sinusoidal currents lasting ‘01 to ‘02 secs. excite better when 
the nerve is cooled, whilst the rapidly developed ones lasting ‘001 to 
‘002 secs. appear to excite better when the nerve is warmed. 


(5) Ezacitation with Mechanical and Chemical stimuli. 


Mechanical stimuli, The excitation of the nerve in experiments 
of this kind was effected by the electromagnetic signal hammer of 
Tigerstedt, the hammer being held up by the constant action of a 
magnetising current. By means of a rotating interruptor, the circuit of 
this current was opened for a brief period about 4, sec. once every 
5 seconds, and the nerve so arranged that the descent of the hammer 
head struck it at the point where it rested on the temperature tube. 
A small adjustable weight on the hammer provided a means of altering 
the intensity of the blow which was further modified by a special 
adjustment through which the extent of movement and thus the 
velocity of the descending hammer could be changed. 

In the nerve muscle preparation of the frog it was found that, with 
a minimal mechanical stimulus, any alteration in temperature localised 
to the stimulated area altered the result, so that on raising the 
temperature the response failed ; on lowering it, the response increased 
and became almost maximal. Similar results were obtained with the 
sciatic nerve of the cat, and owing to the size and structure of the 
nerve, the experiments with this animal were capable of frequent 
repetition. It was thus found possible in an anesthetised animal to 
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divide the sciatic nerve near the notch and to continue the series of 
mechanical excitations of the peripheral trunk for a very considerable 
time at one place without any obvious permanent nerve injury. 


Fie. 15. Mechanical excitation of cat’s sciatic by Tigerstedt’s hammer; seat of 
~ excitation upon the temperature tube. 

Fig. 15 is a facsimile of one of such records. Instead of the 
gastrocnemius muscle a record was taken of the movements of the foot ; 
extension is indicated by an upward and flexion by a downward 
movement. It will be seen that the minimal stimulus appeared to 
evoke flexion rather than extension, owing to the greater excitability of 
the flexor muscles. 

The recording thermometer was not used in these experiments, and 
the temperature alteration of the water in the tube is indicated on the 
record, 

It is seen that on running water at 2°C. through the tube, a large 
response occurred, and that whenever water at 26°C. was used the 
response became minimal and then ceased. The experiment was 
repeated many times with the same result. 

Prolonged Excitation through drying &c. It is well known that if a 
portion of the nerve exposed in a nerve muscle preparation of the frog 
is allowed to dry, a flickering tetanus appears in the muscle. 

This condition was made use of for determining the influence upon 
the excitability of the affected portion of nerve of changes in tem- 
perature. 

It was found on placing the temperature tube under the affected 
nerve area that on warming with water at 25° to 30°C. the flickering 
response ceased, whereas on cooling it the flickering response became 
much larger and culminated in a complete tetanus. . 

A similar state of affairs often exists on the break of an ascending 
galvanic current, as was first pointed out by Engelmann, who 
attributed it to a subminimal excitation through drying &c. which is 
made adequate when, on the break of the current, the region of the 
anode is the seat of a prolonged increase in excitability. This breaking 
tetanus has been particularly investigated by Biedermann and shown 
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to be easily produced in nerves which have been thrown by the local 
action of such agents as NaCl in alcoholic solution into a state of sub- 
minimal excitation. The same author has drawn attention to the fact 
that cooled nerves are especially favourable objects for obtaining such 
breaking prolonged tetanus’. The present observations are concerned 
with the above-mentioned facts only in so far as they bear upon the 
influence exerted by localised cooling. Such localised cooling is perhaps 
the readiest mode of rendering a so-called latent excitation an adequate 
one, and is perhaps the most convenient of all methods for procuring 
either closing tetanus with descending or breaking tetanus with as- 
cending galvanic currents. Closely allied to these phenomena are 
thosé due to the direct action of chemical reagents, to which we will 
now make a brief reference. 

Excitation by Chemical reagents. 

The experiments with this form of stimulus did not give the 
uniform results which were obtained from those described in the 
preceding section. We are not prepared at present to state definitely — 
the conditions which determine these variations. There is however one 
stage in the excitation by means of saturated sodium chloride which is 
apparently always affected by change of temperature in the same way. 
This stage is the early one already referred to as involving a condition 
of latent excitation. 

When a mixture of kaolin with saturated NaCl solution was placed 
by means of a brush upon a definite portion of the prepared sciatic 
nerve of the frog, and the temperature tube arranged under this region, 
the following result was uniformly obtained. 

On allowing water at 4° or 5°C. to run through the tube, the 
preparation in a very few minutes shows a flickering tetanus of the 
gastrocnemius muscle. This tetanus is diminished in extent by raising 
the temperature to 25° and is then greatly increased by a second 
localised cooling of the nerve to 4° C. 

Fig. 16 is an example of the record produced under these circum- 
stances, the alterations in temperature being indicated on the record. 

The results of this whole investigation as regards nerve may now be 
summed up as follows: 

A. Nerve excitability is increased by local fall of temperature to 
the following external stimuli : 

(1) Galvgnic currents, provided they are of a duration of 005” 
or over. 


1 See Biedermann, Elektrophysiologie, 1. pp. 586 to 589, 
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(2) Condenser discharges. 
(3) Mechanical and certain chemical stimuli. 
(4) Sinusoidal currents of 005” to ‘01” minimal duration. 


Fic. 16. Prolonged excitation of Nerve by concentrated NaCl; seat of 
excitation upon the temperature tube. 


B. Nerve excitability is increased by rise of temperature to the 

following external stimuli: 
(1) Break or make induced currents. 
(2) Galvanic currents of very short duration 0025”. 
(3) Sinusoidal currents of 002” minimal duration. 

In the case of (2) and to a less extent (3) the increase is, in some 
instances, not sufficiently marked to exclude the possibility of its being 
only apparent and due to the physical alterations in current intensity 
overpowering a possible slight decrease in excitability through the rise 
of temperature. 


PART III. 
INFLUENCE OF TEMPERATURE UPON MUSCULAR EXCITABILITY. 
(1) Eacitation by the Galvanic current. 


These experiments were all carried out upon the sartorius muscle of 
the frog, this being prepared and fixed at its iliac end in an appropriate 
holder with the lower knee end attached to a recording lever. The first 
experiments were made upon curarised preparations which were 
excited by short galvanic currents led through 5 to 10 millimetres of 
the muscle, the anode being near the upper end and the cathode about 
the middle. The electrodes were of the usual non-polarisable kind with 
long light threads for the actual attachment which rested on the 
surface at the above situations. The muscle lay with the middle 
cathodal part across the temperature tube. The closure of the galvanic 
current through the rheochord was effected by the special rotating 
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mercurial key previously described, and was arranged so that the pre- 
paration was short circuited during the period in which this battery 
circuit was opened. The rate of rotation was such as to cause a galvanic 
current every five seconds. 

It was found that with currents of minimal exciting intensity 
having durations of closure from ‘01” onwards, the muscle always 
responded better on closure when the cathodal region (te. the seat of 
the excitation) was cooled’. 

In Fig. 17 is an example of the record obtained. In this case the 
duration of closure was 4,”; and the local temperature varied between 


Fie. 17. Excitation of curarised Sartorius by Galvanic currents ; currents closed every 
10 seconds for 4,"; seat of excitation upon temperature tube. 

5° and 20°C. The muscle response first diminished and then ceased 
at the higher, but with every renewed cooling reappeared. The record, 
which was similar to many others obtained in the same way, shows two 
further points; first that the responses as a whole tend to become 
feebler with their repetition, and secondly that there is a time dis- 
crepancy between the thermometric indication and the production of 
the change in the muscle response. This latter is not entirely due to 
instrumental errors, as these would be present also in the previous nerve 
experiments, It is undoubtedly in great measure caused by the fact 
that the exciting cathode thread was applied to the upper, and the 
temperature tube to the lower surface of the muscle: the alteration 
due to the change in the temperature tube thus affected first the under 
part of the muscle and it took an appreciable time for it to reach the 
surface which was the part excited. 

In the case of nerve already described (Part II. Section 1) similar 
results showing the favourable influence of localised cold were always 
obtained with galvanic currents of more than 005” duration; but it 


1 All the precautions referred to in Part 1; the interposition of a large external resis- 
tance (50,000 to 100,000 ohms) &c. were observed in the experiments on muscle. 
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was pointed out that with currents of very short duration (0025”) the 
effect appeared to be decreased by localised cold. In muscle, as far as 
our observations have extended, no such reversal or even irregularity of 
effect was observed. By means of the spring traveller currents of short 
duration were used for stimulation, the electrodes being at the same 
time brought close together to enable the stimulus to be more 
effectual. | 

It was found that with durations from 01” to 0025” a response 
could be obtained by cooling the cathodal area to 5°C., with an 
intensity of current which was inadequate to excite at 26° C. 


(2) Eacitation with Condenser discharge. 


The apparatus used for these experiments was precisely similar to 
that employed in the case of motor nerves (Part II. Section 2). 

The preparations used in the preceding experiments, viz. the 
sartorius of curarised frogs, did not appear to respond in a sufficiently 
uniform manner to the condenser discharge; and although the results 
indicated that such muscle responded better when locally cooled at 
the seat of excitation, they were not so definite as those in which the 
upper nerveless end of the uncurarised muscle was excited. 

For these latter experiments the threads of the exciting non- 
polarisable electrodes were placed one each side of the muscle close to 
its upper iliac end. It is well known that this part is free from nerves 
and thus the condenser discharge, provided that it is indeed confined to 
this region, must, if it excites, excite the muscle directly. It. is con- 
ceivable that through an escape, a derivation might pass through the 
more remote nerved part of the muscle; a number of experiments 
framed for this purpose convinced us that no escape through the 
nerved part, adequate to excite, occurred. This will be made clear in 
the details of the experiments given in the succeeding section dealing 
with excitation by induced currents. 

Just as in the case of the motor nerve so here the muscle responds 
better to a condenser discharge when the part traversed by this is 
locally cooled. 

Fig. 18 is an example of the record obtained. The condenser 
capacity (‘4 microfarad) and difference of potential of its charge 
(2 volts) as also the time between charge and discharge were all kept 
rigidly constant throughout the experiment. The signal immediately 
under the muscle tracing indicates each discharge; it will be observed 
that on warming the muscle to 25°, the responses first became minimal 
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and then ceased,—on cooling they reappeared and became just 
maximal. 

The favourable effect of local cooling to excitation, by either galvanic 
or condenser currents, is on a par with the observations of Engel- 
mann upon the sartorius muscle’, These show that local cooling 


Fie. 18. Excitation of upper iliae end of Sartorius by Condenser discharge every 
15 seconds. Seat of excitation upon temperature tube. 


of the muscle enables this portion to respond by a maximal contraction 
to a minimal transmitted effect which has been evoked in the warmer 
region ; although the warmer region responds by a minimal contractiun 
to a propagated effect which was maximal when aroused in the colder 
region. According to our view this means that the cooled portion 
of muscle has its excitability increased to the form of stimulus which is 
the basis of the transmission in the muscle fibre. 
(3) Hacitation with Induction currents. 

The Make and Break Induced current. The precautions referred 
to in experiments of this kind upon nerve, viz. interposition of a 
large resistance &c., were observed in the case of muscle, Under these 
conditions the sartorius both curarised and uncurarised was excited by a 
constant break induction current every five seconds and the seat of 
excitation alternately cooled and warmed for about a minute. Unlike 
the motor nerve which is more readily stimulated by such currents at 
higher temperatures, the curarised muscle responds better when locally 
cooled. This difference between indirect and direct muscular excitation 
appeared to us so noteworthy that we made a considerable number of 
experiments in which the same muscle was excited first directly and 
then indirectly. | 

Comparative results were obtained by the excitation of the un- 
curarised sartorius, for since the iliac end of this muscle is free from 


1 Engelmann. Pfliiger’s Archiv, uxu, p. 400. 
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nerves it is possible to obtain the two series of results in one pre- 
paration. The response to excitation of the upper (iliac) end with 
induction currents when this upper end was upon the temperature 
tube, was thus contrasted with that to excitation of the lower (tibial) 
nerved portion of the muscle when this was upon the tube. 

The records given in Figs. 19 and 20 are examples of the results 
observed in any one muscle under these two different circumstances. _ 


Fic. 19. Exeitation of upper iliac end of Sartorius by break induced currents; one 
excitation every 15 seconds. Large external resistance (100,000 ohms) in exciting 
circuit. 


Fic. 20. Excitation of same Sartorius muscle as recorded in fig. 19. Muscle excited 
near entry of nerve every 15” by a break induced current. Large external resistance 
in exciting circuit. 


It is seen that in Fig. 19 the contraction evoked by the passage 
of the break induced current through the iliac nerveless portion of 
the muscle is diminished when the muscle is locally warmed to 25°C., 
and increased when it is locally cooled to 5°C.; the thermometric 
record gives the duration of warming and cooling respectively. 

On the other hand with the same apparatus and preparation, the 
contraction evoked by the passage of the break induced current through 
the nerved portion, which was therefore aroused in the muscle through 
excitation of its nerve, is increased by warming the muscle to 25°C. 
and diminished by cooling it to 5° C. as shown in Fig. 20. | 
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In order to be certain that in these cases the physical alterations 
in the intensity of the induction current should be eliminated an 
additional large external (ZnSQ,) 
resistance of over 100,000 ohms was 
introduced into the exciting circuit; 
the above record was taken under 
these conditions. 

It appears therefore that the pe- 
culiarity noticed in the sciatic nerve 
of being more excitable to break 
induction currents when the seat of 
excitation is warmed, does not indi- 
cate a change which is common to 
all excitable tissues. It must be 
regarded as characteristic of nerve 
susceptibility to stimulation. The 
increased excitability of muscle 
when locally cooled to the break 
induced current was found to be 
also present in regard to the make 
induced current. 


(4) Eacitation of Muscle with 

The excitation of the sartorius 
muscle at the iliac end by sinusoidal 
currents was found to be difficult 
owing to their low intensity. It was 
however accomplished by the pen- 
dulum method previously described, 
each swing of the coil and mag- 
net past the stationary exciting coil 
evoked a response when the excit- 
ing non-polarisable electrodes were 
connected by fine threads with the 
surface of the iliac end of the 
freshly prepared sartorius. This 
end of the muscle was arranged so 
as to lie athwart the temperature 
tube and the precautions previously 


= 


Fic. 21. Excitation of upper iliac end of Sartorius by sinusoidal currents obtained through pendulum apparatus. 
‘ The pendulum swing was limited to two or three oscillations. 
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referred to as to the localisation of temperature change to the seat 
of excitation and the interposition of a large external resistance in the 
exciting circuit, were observed. 

It was found that an intensity of sinusoidal current could always be 
obtained which evoked a maximal response when the excited part of 
the muscle was cooled to 8° or 10° C., but produced little or no response 
as the part was locally warmed to 30°C. The reproduction in Fig. 21 
is an example of this. In order not to exhaust the muscle, one swing 
of the pendulum giving one excitation was employed to start with, and 
subsequently four swings with the accompanying four excitations were 
used. It will be observed that during the period of warming to 30° C., 
indicated by the thick line, the responses are much diminished or, 
in some cases, fail, but reappear on cooling to 10°C. 

Localised cooling thus augments muscular excitability to these 
comparatively long (‘01 to 02”) sinusoidal currents. 


(5) Mechanical and Chemical stimuli. 


With regard to the excitation of muscle by these stimuli and the 
influence upon such excitation of local temperature changes, the results 
of our experiments have been so variable that we are unable to state 
anything positive except this great variability. The results at present 
obtained are so inconsistent with each other as to necessitate the 
employment of new methods in order to ascertain more precisely 
whether the variations observed are due to irregularities in the 
stimulus, or to physiological changes. Undoubtedly the chief difficulty 
is that arising from the production of slight injuries, with the result 
that the tissue excitability is constantly fluctuating through the 
operation of the temperature change upon the injury effects. 


PART IV. 


THE INFLUENCE OF TEMPERATURE ON CARDIAC MUSCLE 
EXcITABILITY. 


(1) Preliminary observations. 
The experiments upon this subject were made with reference to the 


production by a stimulus of a cardiac contraction; the phenomena 
of rhythmical activity although essentially associated with those of 
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excitability are not such as to be placed in a line with the preceding _ 


observations on nerve and muscle. 

The inquiry to which alone the present communication relates may 
be therefore expressed as an attempt to ascertain to what extent the 
excitable ventricle is placed in a condition more favourable for 
responding to any given external stimulus by local alterations of 
temperature. 

In cardiac muscle it is difficult to obtain evidence of changes 
of excitability apart from those of conductivity; this can be par- 
tially effected by carefully localising the area of temperature change 
in the heart tissue, by exciting always on the edge of such area and 
by especially noting the initial effects of the temperature change. 
A further difficulty is that of obtaining uninjured quiescent cardiac 
muscle in a uniform state of excitability. It was necessary, for this, 
to employ the well known Stannius preparation, in which the heart 
of the frog is inhibited by a ligature applied to the sino-auricular 
junction ; but it must be borne in mind that this procedure places 
the tissue in an abnormal condition. Such a preparation carefully 
removed and attached to a recording lever by means of a thread 
through the tip of the ventricle was made use of in all the following 
experiments. 

The experiments divide themselves into two groups, those in which 
the stimulus employed was the galvanic current, and those in which 
break induced currents were used; the object being to ascertain how 
far the ventricular muscle resembled voluntary muscle, such as the 
sartorius, in its susceptibility to respond to these two forms of electrical 
stimulation under different conditions of temperature. 

In all cases the precautions previously made use of were employed, 
viz. non-polarisable electrodes with thread contacts for exciting, special 
instrumental keys for obtaining uniform current conditions, and the 
interposition of a large external resistance in order to diminish the 
error due to a change through temperature alteration in the intensity 
of the exciting currents. In addition it was found necessary to place 
the heart in a special moist chamber in order to prevent the drying of 
its surface, which appeared to follow the local rise of temperature. 


(2) Excitation with Galvanic current. 


The first experiments made upon the motionless ventricle of the 
heart inhibited by the sino-auricular ligature (Stannius), were those 


| 
| 
| 
il 
| 
| 


TEMPERATURE AND EXOITABILITY. 291 


in which the response was evoked by the passage of voltaic currents 
from ‘1” to ‘5” duration. The temperature tube was applied to the 
base of the ventricle and the exciting electrode threads were fixed on 
the ventricle by kaolin in the immediate vicinity of the tube. 

It was found that it required a much weaker intensity of current 
to evoke a response when the base was locally cooled than when it was 
warmed. Thus in one experiment on cooling the base of the ventricle 


Fia. 22. Excitation of Ventricle of inhibited heart (Stannius preparation) by galvanic 
current of 4, second duration every 15 seconds. Seat of excitation at base of 
ventricle upon temperature tube. 


to 4° C., every closure of a galvanic current for 2” duration (Rh. 50, 4D.) 
evoked a response, whereas on warming it to 15° the response failed ; 
similarly a stimulus evoking a response at 15° failed at 30°. In Fig. 22 
is a record of such effects with temperature varying from 5° to 15°; 
and from 5° to 25°. 

The same result was obtained in the motionless ventricle with 
galvanic currents of much shorter duration, te. 01”. These were 
obtained by means of the spring traveller; and it was generally found 
necessary to employ a considerable battery, 5 volts, in connection with 
the rheochord. 

The plan adopted was to ascertain and compare the positions of 
the rheochord and thus the intensities of the current necessary to 
evoke a response when the temperature was raised and lowered respec- 
tively. 

The following table is a series of such observations in which 400 Rh. 
indicates the maximum intensity available: the brackets indicate pairs 
of observations. 
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It is seen from these results that the currents gradually became 
more effectual irrespective of temperature until the conditions pre- 
sumably became steady, and that both in the gradual varying state 
and in the steady condition the ventricle responded when locally 
cooled to a weaker galvanic current than that which was necessary 
to arouse it when locally warmed. 

With currents of less than ‘01” duration no satisfactory information 
could be obtained owing to the difficulty of obtaining with our in- 
struments adequate and uniform stimulation. Such currents have to 
be of considerable intensity and as far as we could ascertain the 
ventricle does not respond uniformly to a series of them at any constant 
temperature ; it was thus impossible to obtain evidence as to the effect 
upon these of alterations in temperature. Apart from this it appears 
from all the foregoing observations that the ventricular muscle of the 
inhibited frog’s heart resembles that of the sartorius in responding 
better to galvanic currents when the seat of excitation is locally cooled. 


(3) acitation with the Break Induced current. 


The ventricular muscle of the inhibited frog’s heart is unlike the 
sartorius inasmuch as it appears to respond better to the break induced 
current when locally warmed. 

It has already been pointed out that the apparent increase in the 
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susceptibility of a warmed tissue to the excitation by electrical currents, 
may be either entirely or in large measure due to the physical increase 
in the intensity of the current, since the electrical resistance of moist 
conductors is always notably decreased by raising the temperature. 

In the case of the ventricle, owing to its comparatively large bulk 
and low resistance, this physical effect must be particularly prominent, 
and hence there is the more need for the employment of special pre- 
cautions in order to determine whether there is in addition a physio- 
logical change of excitability. 

The following table is an illustration of the first main fact that the 
tissue responds better to the break induced current when the seat of 
excitation is locally warmed. 

The break current was obtained by means of the spring traveller 
which always opened the primary circuit of Kronecker’s standard 
inductorium at a uniform velocity. Two Daniell cells were in the 
primary circuit, and the resistance of the exciting circuit threads, &c. 


. was about 100,000 ohms. 


The numbers indicate relative positions of secondary coil; the 
intensity of the break shock increasing in proportion with the increase 
in the number. | 


Temperature Position of secondary Temperature Position of 
of coil break shock of coil when 
ventricle was just adequate ventricle was just adequate 
5° 1500 5° 1000 
15 1000 15 800 
5 1250 5 900 
15 900 15 700 


A very large additional external resistance of over 100,000 ohms was 
now introduced into the exciting circuit. 


15° 4750 25° 5000 
7 5750 15 6000 
15 4750 25 4500 
7 6000f 15 5250 
15 5000) 25 4750 
7 6250 15 5000 


In order to diminish still further the effect of a change of intensity 
in the exciting current due to the temperature, the additional device 
referred to in the previous sections was adopted. 

This consisted in interposing in the exciting circuit a second 
preparation similar to that actually recorded and arranging in connec- 


\ 
. 
‘ 
{ } : 
+ 
> 
¥ 


~ 


294 F..GOTCH AND J. 8. MACDONALD. 


tion with this a second temperature tube. When the temperature of 
the experimental preparation was raised, that of the control was lowered 
and vice versa. In this way any change in resistance through alteration 
of temperature is compensated, the diminution through warming one 
preparation being counterbalanced by the increase through cooling the 
other and wice versa. 

The following table is an example of an experiment carried out 
upon the motionless inhibited ventricle under these conditions ; the 
apparatus for excitation, &c. being the same as before. | 


T t Adequate intensity of Temperat Adequate intensity of 
6° 4000 6° 3250 
18 3200 18 2750 
ee. 4000 6 3250 
18 2750 18 2500 


Precisely similar results were obtained in the case of make induction 
shocks. 

It thus appears that the motionless ventricle responds better to the 
break and make induced current when locally warmed and that this 
may be a true expression of a rise in the susceptibility to excitation by 


‘the break induced current. We feel that though in our preparations 


these results were undoubted, the conclusion that the excitability of 
the tissue is augmented for this form of stimulus by the rise of tem- 
perature must be made with caution. This is especially the case owing 
to the difficulty of localising the area of tissue which is influenced by 
the change of temperature. The spread of the temperature change will 
bring into play changes of conductivity which may mask any sinall 
alteration in excitability. 

- That such is the case appears to us to follow from the circumstance 
that with the galvanic current, although the initial response is obtained 
more readily when the tissue is locally cooled, the subsequent effects of 
cooling are often of opposite character, and similarly warmth, whilst it 
disfavours the initial, often appears to favour the excitatory value of 
subsequent stimuli. It must be remembered too that the ventricle is 
in a peculiar condition since it is motionless through the inhibition of 
the auricular beat. It is well known that warming causes the inhibited 
heart to beat rhythmically, whilst on cooling the rhythm ceases, It 
appears therefore that whilst cardiac tissue responds more readily to 
galvanic currents when locally cooled and to induced currents when — 
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locally warmed, it.is possible that the augmentation observed in the 
latter case is the sum of changes both in excitability and conductivity. 

Before we can infer that the ventricular tissue behaves absolutely 
differently to these two forms of stimuli, it is necessary to assume firstly 
that the physical alterations in current intensity through warming have 
been so reduced as to be practically inoperative, and secondly that the 
immediate changes in the cardiac response are associated especially with 
local alteration in excitability. 

As far as we can ascertain, the conditions permit these assumptions 
only to a partial extent; hence all that can be inferred is that the 
ventricle does not respond to the break induced current under circum- 
stances which undoubtedly favour its response to the galvanic current, 
and that though a similar statement can be made about nerve, it cannot 
be made about voluntary muscle. 


SUMMARY AND CONCLUSIONS. 


The results given in the preceding sections show that if a portion of 
such excitable tissues as nerve, voluntary muscle, and cardiac muscle, 
is locally altered in temperature, the susceptibility of the tissue to ex- 
citation by a stimulus in the immediate neighbourhood of the altered 
region is changed. This susceptibility is commonly denoted by the 
general term “ excitability,” and hence the alteration produced by local 
change in temperature may be termed a variation in the tissue 
excitability. Such vayjations in excitability are produced by many 
agents besides temperature; thus a local injury raises the excitability © 
of the tissue in its immediate neighbourhood, the local action of ether 
diminishes, of CO, in small quantities raises, in larger quantity de- 
presses the excitability, the local action of certain saline substances 
raises, of others lowers excitability. 

Such statements as the above shou!d be considered as an expression 
of experimental facts; but in reality they are all generalisations 
and connote more than can at present be said to be proved. Such 
a term as “increase of excitability” cannot in the light of 
the foregoing experiments on temperature be used in a general 
sense indicating augmented susceptibility to every form of external 
stimulus; experimental evidence must determine for each form of 
stimulus the change in such susceptibility. In the case of such changes 
as exist at the poles of the constant current, the catelectrotonic rise 
and the anelectrotonic fall, it was felt essential (Pfliiger and others) 
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to show that these were true for all forms of stimulus, hence the term 


increased or decreased excitability in connection with polar states 
connotes no more than the observed facts. 

It is, however, evident that a somewhat hasty geueralisation has 
taken place with regard to the operation of other agents which alter 
the susceptibility of excitable tissues to stimulation, and hence no doubt 
has arisen the erroneous statements with regard to the one with which 
we are especially concerned here, temperature. 

In nerve a local rise of temperature up to 30°C. causes such 
increased susceptibility to at least one form of stimulus, the make 
or break induction currents. It causes a decreased susceptibility 
to galvanic currents above 005” duration, to condenser discharges, 
to slowly developed currents, and to such mechanical and chemical 
stimuli as a blow and NaCl. It is therefore quite impossible to say 
that such rise of temperature causes either an increase or a decrease of 
excitability in general ; the true statement must be such as to indicate 
the nature of the stimulus, 

If this is true in the case of one excitable tissue, the motor nerve, 
it is obviously quite impossible to extend any generalisation so as 
to include all excitable tissues; all theories as to the processes which 
underlie the production of the excitatory state must be not only capable 
of being modified for each excitable tissue but be such as to embrace 
the specific action of specific stimuli. 

The following table shows the character of the excitability change 
in the three tissues here investigated. 


Excitation Excitation Excitation 
Nature of stimulus of of of 
nerve voluntary muscle ventricular muscle 
(a) oe Poon ag nr Fall of Temp. Fall of Temp. Fall of Temp. 
curren " or Augments Augments Augments 
(b) Galvanic Fall Fall of Temp. 
currents 0 to result i 
discharges Fall of Temp. Fall of Temp. 
Augments Augments 
Break and make induced -_ Fall of Temp. Fall of Temp. Fall of Temp. 
rents Decreases Augments Decreases 
Mechanical stimuli Fall of Temp. Uncertain 
Augments 
Chemical stimuli Fall of Temp. Uncertain 
Augments 


It will be noticed that all three tissues behave in the same way for 
galvanic currents of 01” duration; that both nerve and muscle behave 
similarly for condenser discharges; but that whereas muscular excita- 
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bility is increased by cold for make and break induced currents, both 
nerve and cardiac muscle have their excitability decreased by this 
agent for these stimuli; in the case of the latter the result is perhaps 
open to criticism. 

The possibility of the existence of two excitatory processes, the 
assumption of which would explain these differences in reaction, has 
naturally occurred to the authors, but it seems unprofitable to treat of 
these in the present state of our knowledge. It is not improbable that 
further experiments on non-medullated nerves and involuntary muscle 
may bring out fresh phenomena which would demand the modification 
of any such hypothetical explanation. 

This much, however, is clear; the reaction of nerve, a tissue which 
is specially differentiated for the display of excitable phenomena, is 
evidently intimately associated with the character of such stimuli as 
electrical currents, since an agent can be found, local cold, which depresses 
the excitatory reaction to one form of current whilst it augments it to 
another. It is probable that the polarisation phenomena which must 
be assumed to be at the basis of electrical excitation, differ with 
variations in the character of the electrical currents which produce 
them. These differences may be due to the electrical currents acting 
upon such different media as are presented by the medullary sheath 
and axis cylinder respectively. With this consideration in view experi- 
ments are now being initiated as to the influence of temperature upon 
electrotonic and polarisation phenomena. A further point suggested by 
the present inquiry is as to the transmitted excitatory state itself. 
Experiments have convinced us that this when aroused by a specific 
electrical stimulus, and transmitted along the nerve, may differ in 
character, such difference being related to the nature of the external 
stimulating agent. The full details of these experiments will form 
the subject of another communication, dealing with the influence of 
temperature upon conductivity. 
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THE INFLUENCE OF THE MESENTERIC NERVES 
ON INTESTINAL ABSORPTION. By E. WAYMOUTH 
REID, Professor of Physiology in University College, Dundee, 
Grocers’ Company Research Scholar. 


At the outset of any consideration of the subject of intestinal 
absorption the value of nervous factors must be assessed. We are well 
aware of the presence of constrictor and dilator fibres in the mesenteric 
nerves, by whose action on the intestinal vessels the conditions for the 
diffusion of matter from the gut into the blood and the nutrition of the 
gut-epithelium can undergo modification; but quite apart from these 
fibres it has been maintained by some, reasoning on a possible simi- 
litude of the processes of absorption and secretion, that other fibres 
having independent and direct action on the intestinal epithelial cells 
may exist. 

Thus Tecklenburg’ observing the absorption of potassic iodide 
in loops of the gut of the rabbit has maintained that section of the 
mesenteric nerves causes a marked diminution of the rate at which the 
salt is absorbed, the reverse of what one would expect from the well- 
known vascular change so induced. 

If one passes over the gross experiment of removal of the coeliac 
ganglia with subsequent observation of the nutrition of the animal 
as performed by Budge’, Lamansky’, Peiper‘, Tecklenburg, Lewin 
and Boer’, and others, as a case where from the heterogeneity and 
uncertainty of the lesions induced it is not justifiable to draw con- 
clusions gua a direct influence of these portions of the nervous system 
upon absorption, there are on record, so far as I am aware, but few 
direct experiments on the point; indeed with the exception of those of 


1 Tecklenburg. Dissertation. Jena, 1894. 

* Budge. Anat. u. physiol. Unters. tiber d. Functionen d. Plexus celiacus u. mesen- 
tericus, 1859. 

* Lamansky. Zeitsch. f. rat. Medizin, xxvim. p. 59. 1867. 

* Peiper. Pfliiger’s Archiv, vy. 1872. 

®* Lewin and Boer. Deutsche med. Wochensch. p.217. 1894, 
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Tecklenburg mentioned, and one by Leubuscher’, in which an 
excitation of the medulla of a dog by induction shocks appeared to 
cause a slight increase in the rate of absorption of a ‘25°/, solution 
of sodic chloride, I have none to quote. 

The experiments I am about to tabulate have been made par- 
ticularly with a view to attempting to settle whether by interference 
with the mesenteric nerves any nervous influence upon intestinal 
absorption apart from that produced directly or indirectly — the 
vasomotor fibres is capable of demonstration. 

The least diffusible of the substances normally absorbed from the 
gut, viz. “peptone*” has been used, since one has a better chance of 
observing any special “physiological action” if it exists in such case 
than when the test substance very easily diffuses into the blood. 

The estimations of peptone have been made by the method already 
_ described in a previous paper’, by means of a nitrogen factor, after 
clearing out other proteids and nitrogenous substances added during 
the stay of the peptone solution within the gut. 

A 2°/, solution of an alcohol extracted peptone by Henninger’s 
method (‘51 °/, ash) with A = 092 has been used throughout*. 

The animals have been the largest dogs obtainable, anesthetised 
with chloroform and morphia to the extent of 3 to 5 milligrammes of 
the latter substance per kilo of body weight, and in all experiments a 
control loop has been worked side by side with the experimental loop 
after the manner detailed in the paper above cited. 

In large animals the mesenteric nerves are easily completely 
separated from the arteries of the mesentery, the slight heemorrhages 
from the small vessels proper to the mesenteric membrane being 
controlled by small pieces of amadou, and a length of a couple of 
centimetres obtained for excitation on shielded electrodes. 

Before quoting any experiments it is advisable to indicate in a few 
words what the physical effects of variation in the rapidity of renewal 
of the blood in the intestinal capillaries wrought by changes in the 


1 Leubuscher. Jenaische Zeitschrift, xvin. p. 851. 1885. 

2 The word peptone is used throughout in its commercial sense to mean a mixture of 
albumoses and peptone. 

3 Waymouth Reid. This Journal, xrx. 240. 1896. 

4 The osmotic pressure of the solution here is of course nearly entirely due to the 
contaminating salts. The recent careful measurements of Tamman, Zeitsch. f. physika- 
lische Chemie, xx. 180, 1896, show that the partial pressure of the total proteids in horses’ 
serum (say 7 p.c.) corresponds to a lowering of freezing point of only ‘006°C., i.e. a pres- 


sure of 6mm. Hg. 
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calibre of the arterioles must be, so far as the mere diffusion into the 
blood of the peptone and water of the solution introduced is concerned. 

In the first place, increased rapidity of renewal of the capillary 
blood into which the solution is diffusing, such as occurs when the 
arterioles are dilated, must cause an increase in the absolute amount 
of peptone and water diffusing in a given time, and vice versd decreased 
rapidity of renewal of blood, such as occurs in constriction of arterioles 
or more markedly in cessation of circulation by ligature, must cause the 
reverse effect, viz. decrease in the absolute amounts of peptone and 
water diffusing in a given time. 

In the second place, over equal periods of time, increased rapidity of 
circulation must cause the magnitude of the ratio, percentage of peptone 
absorbed by percentage of water absorbed, to be less than with normal 
circulation, for the relatively more diffusible water will be more affected 
by the change in rate of renewal of the fluid into which it is diffusing — 
than the less diffusible peptone. On the other hand, with decreased 
rapidity of renewal of the blood the more slowly diffusing peptone will 
be enabled to gain on the water, and the amount removed from the gut 
in proportion to water will be greater than under conditions of normal 
circulation, hence the magnitude of the ratio will be greater than 
normal. 

If the circulation is completely stopped this effect must of course be 
more marked. 

I proceed at once to quote the results of excitations and sections of 
the mesenteric nerves as regards these two points. In Table I. will be 
found the results of excitation, in Table IT. those of section. 

In the experiments in Table I. it is evident that in all cases the 
absolute amounts of both peptone and water absorbed are less in the 
loop with excited nerves than in the normal control. In the first two 
experiments where the excitation was by glycerine and sodic chloride 
respectively the effect is less marked, especially as regards the absorption 
of water, than in the remaining experiments where excitation was by 
faradisation, and in these cases the naked-eye appearances of vaso- 
constriction, evident enough in the cases of electrical excitation, were 
not marked. As regards the ratio, per cent. peptone absorbed by per 
cent. water absorbed, in four of the experiments, L, IIL, IV. and VL. a 
distinct excess over the normal is evident, and is most marked of all in 
IIL, where the electrical stimulus was strongest. In IL, V. and VIL. 
the ratio is practically unaltered, evidently in V. and VIL. as a result of 
the very marked fall in peptone absorption. 
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Passing to the effects of section of the mesenteric nerves in Table IL., 
the absolute amount of peptone absorbed is greater in the first five 
experiments in the loop with divided nerves than in the normal control. 
In Experiment VI. it is less. The absolute amount of water absorbed 
is increased in Expts. I, IL, IIL, and V.; in TY. there is apparently no 
effect ; in VL. it is less than normal. 

Expt. VI. in this table may, I think, be at once thrown out and is 
only here quoted to indicate a fallacy. 

The contents of the loop in which the nerves had been divided 
showed that peculiar opalescence which one soon learns to associate 
with the transudation of fluid into a loop with divided nerves (usually 
known as “ Moreau’s experiment”). In such an experiment one finds 
more fluid in the loop with divided nerves at the end of the experiment 
than in the normal loop as a simple result of the added transudate, and 
hence the absorption is reckoned below what it really is. At the same 
time the concentration of the introduced peptone solution is diminished 
by dilution with the transudate, and hence the absolute amount of 
peptone absorbed in the time is less than normal. This objection does 
not apply to Expt. I'V., for here there is a marked increase in peptone 
absorption on the side with divided nerves. 

Deleting Expt. VI. the ratio behaves as it should do in all the 
- experiments except Expt. IV. 

Since Bradford’ and Hallion and Frangois-Franck* have demon- 
strated the existence of vaso-dilator fibres in the splanchnic and 
mesenteric nerves, I tried three experiments with slowly repeated 
excitations; these are included in Table III. 

The first two experiments in this table show results explicable on 
increased rapidity of renewal of the blood from vaso-dilatation, and the 
naked eye effects of dilatation were evident. The absolute amounts of 
both peptone and water absorbed are increased and the ratio on the side 
where the nerves were slowly excited is lower than on the normal side. 

The third experiment is evidently an excitation of constrictors, and 
it is well recognised that slow excitation is not an infallible method of 
differentiating dilator from pressor fibres in a mixed trunk. In this 
particular experiment no difference in the colour of the loop was 
evident, and the result shows a fall in the absolute amounts of both 
peptone and water absorbed with a slight rise in the ratio. 

It would appear therefore that in the above experiments the 


1 Bradford. This Journal, x. 390. 1889. 
2 Hallion et Francois-Franck. Archives de Physiologie, vit. 5™* série, 478. 1896. 
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effects of excitation and section of the mesenteric nerves 
upon the absorption of peptone and water can be explained 
by the concomitant changes in the blood supply to the 
loops of gut induced by the action of the vasomotor nerves 
upon the arterioles, and that these experiments do not 
substantiate the view that there are present in the mesen- 
teric nerves specific absorptive nerve fibres comparable to 
the secretory fibres of glands’. 

This conclusion is, moreover, supported by the three experiments in 
Table IV. where the arteries to the loops having been ligatured the 
nerves to one loop were divided while those to the other were excited 
by faradisation. 

In these experiments it is evident that with no circulation of blood 
the absorption of peptone and water in the loop with excited nerves 
is practically the same as in that with divided nerves. 

If it be decided that absorption from the intestine is in the gross a 
function of blood supply, the old question arises, as to what extent the 
matter is explicable on physical grounds, for alteration of blood supply 
not only alters the physical conditions for diffusion but must also affect 
the nutrition of the intestinal epithelium, and if there be anything in 
the hypothesis that these cells exert an influence upon absorption, this 
change must be taken into account. 

I have no intention of entering into this question in the present 
paper, but shall content myself with pointing out several points 
of interest in this connection that have already forced themselves upon 
my notice. 

A glance at the tables already quoted shows that while, as one 
would expect, it is the rule under normal conditions of circulation for 
the water of the peptone solution to pass into the blood faster than the 
peptone, so that the ratio, per cent. of peptone absorbed by per cent. of 
water absorbed, is less than unity, yet this magnitude is not much below 
unity, and indeed may even with normal circulation exceed unity. 

Again, on the plain diffusive hypothesis in a contrast of a short and 
a long period in the same animal with the same solution, while of 
course the absolute absorption of both peptone and water must be less 
over the short period than over the long, the ratio peptone absorbed by 
water absorbed should be nearer unity on the long period than the 


' The possibility of an intrinsic reflex mechanism contained in Meissner’s plexus is 
of course not here considered. 
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short. The evidence in the subjoined Table V. is not, however, in 
support of this. 

In three of these experiments, I, IV. and V., the ratio is distinctly 
higher on the short period, in IIT. there is practical equality, while IT. 
is not a convincing experiment since an —— loss of peptone 
occurred during analysis. 

Whether some simple imbibitory shaetibees is here in action 
or something more complex I am as yet not in a position to decide. 

Finally, that apart from mere circulatory change some change in the 
intestinal membrane itself, affecting its permeability for both peptone 
and water, is possible is evident from the following experiments with 
atropine. 

Salvioli' showed that atropine causes dilation of the vessels of the 
dog’s gut, which should be followed so far as absorption is concerned by 
an increase in.the absolute amounts of peptone and water absorbed in 
a given time. This, as is evident from the experiments in Table VLI., 
is the reverse of what actually occurs. 7 

Though the blood vessels dilate the absolute absorption is less in the 
loop to which atropine is added than in the normal control. 


1 Salvioli. Du Bois Reymond’s Archiv. Suppt. 95. 1880. 


Aug. 1, 1896. 
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THE COAGULABILITY OF THE BLOOD OF ALBINOS. 
By J. W. PICKERING, DSc. (Lond.), George Henry Lewes 
Student. 


THE recent researches of Prof. Halliburton and Dr T. G. Brodie’ 
have demonstrated that the intravenous injection of an active solution 
of nucleo-proteid into albino rabbits, fails to induce intravascular coagu- 
lation of their blood, although similar doses of the same substance, 
when injected into the vascular system of either black or brown rabbits, 


produces extensive intravascular coagulation. 
Working al, and in collaboration with Prof. Halliburton I* 


have shown that the proteid-like synthesised colloids A, B, and C 
(colloides amidobenzoique and aspartique) produce typical intravascular 
coagulation when introduced into the circulation of pigmented rabbits, 
dogs, cats, and guinea-pigs, but fail to produce this result when injected 
into the vascular system of albino rabbits. 

These results being anomalous, I have performed a series of experi- 
ments on the Norway or Arctic Hare (Lepus variabilis), certain speci- 
mens of which, during the winter season are albinos, but during the 
summer months change to a pigmented condition, in order to ascer- 
tain if there is any connection between the pigmentation of the animal, 
and tendency of its blood towards intravascular coagulation, after the 
injection of either a nucleo-proteid or of the synthesised proteid-like 
colloid C (colloide aspartique of Grimaux*). I have now the pleasure 
of recording my best thanks to Capt. White for kindly supplying me 
with the animals for my experiments. 

The striking contrast of the effect produced by the intravenous 
injection of either a nucleo-proteid (prepared from thymus), or of the 
proteid-like colloid C, during the albino condition of the animals, to 


1 Halliburton and Brodie. This Journal, xvm. p. 135. 1894. 
* Halliburton and Pickering. This Journal, xvmt. p. 285. 1895. See also Pick- 
ering, ibid, xvi. p. 54. Comptes Rendus, oxx. p, 1348. 1895, 


* Grimaux. Revue Scientifique, 18 April, 1885. Comptes Rendus, xom. p. 771; 
xovitt. pp. 231, 1836 and 1578, 
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that obtained when the animals have become pigmented, is shown by 
the following précis of experiments, all of which were performed under 
the anzsthetic influence of a mixture of chloroform and ether. Control 
experiments were performed to ensure that both the nucleo-proteid, 
and proteid-like colloid C, employed were in the active condition. 

Eap.1, Animal in albino condition. Active solution of nucleo- 
proteid used. Sample of carotid blood coagulated six minutes after 
withdrawal. A second sample of carotid blood, taken immediately 
after the injection of 20c.c. of nucleo-proteid, coagulated in five 
minutes after withdrawal. 20c.c. more of the nucleo-proteid were then 
injected and the carotid blood coagulated in three minutes after with- 
drawal. A further injection of 15 c.c. of the nucleo-proteid killed the 
animal; death being apparently due to respiratory failure, with pro- 
nounced exophthalmos, and dilatation of the pupils, as symptoms. On 
post-mortem examination, made immediately afterwards, the blood 
throughout the vessels was found to be in the fluid condition. 

Eaps. 2, 3, and 4 were also performed on animals during their 
albino condition, and the results obtained were entirely in accord 
with those recorded in Exp. 1. In each case the injection of the 
solution of nucleo-proteid hastened the coagulation of the blood after 
withdrawal from the carotid, but entirely failed to induce intra- 
vascular coagulation. In Exp. 3 the animal was killed by asphyxia, 
in Exps, 2 and 4 the injection itself proved fatal. In Exp. 3 a dilute 
solution of a CaCl, was injected after the nucleo-proteid. 

Exps.6 and 7. The animals were in the pigmepted condition. 
In the first of these experiments the injection of 25 c.c. of a nucleo- 
proteid solution produced death with typical symptoms, and on post- 
mortem examination, made immediately afterwards, extensive clots 
were found in the portal system, vena cava inferior, and jugular vein. 
In the second experiment the injection of 35 c.c. of nucleo-proteid 
produced a like result, The coagulability of the blood withdrawn from 
the carotids was also hastened in each case. 

Eaps. 8 and 9. The animals were in the albino ecndition and a 
1:5 °/, solution of the proteid-like colloid C was used. The injection of 
the synthesised colloid also hastened the coagulation of the blood after 
withdrawal from the carotid, but entirely failed to induce intra- 
vascular coagulation. Death was caused in each case by the 
injection of the colloid, and the typical dilatation of the pupils and 
exophthalmos was observed. 

Eap.10. The animal was in the pigmented condition. 25 c.c. 
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of the proteid-like colloid O were injected. Death with typical 
symptoms resulted. Immediate post-mortem examination revealed 
pronounced clots in the right auricle, right and left ventricle, pul- 
monary artery, jugular, inferior vena cava and portal veins. 

If the animals are in a condition in which the pigmentation is 
partial, that is either in the transition state between the albino and 
pigmented condition, or as is commonly the case, in a state when the 
fur has become white only in parts, then after injection of a nucleo- 
proteid, there may result either a partial coagulation of the intra- 
vascular blood, or there may be an entire failure to induce intravascular 
clotting. This result is shown by the following experiments: 

Exp.11. Animal in transition state (partially pigmented). 45 c.c. 
injected with fatal result,and typical symptoms. Small loose clot found 
in portal vein. Remainder of blood fluid, but coagulates very rapidly 
after withdrawal from the blood vessels. 

Exp. 12. Animal partially pigmented. 60 c.c. of nucleo-proteid 
injected and animal killed by asphyxia. Blpod throughout vascular 
system fluid. 

Eap. 13. Animal nearly in albino condition. 65 cc. of nucleo- 
proteid proved fatal. Post-mortem examination revealed a small loose 
clot in portal vein and another in the inferior vena cava. 

Exp. 14. Animal in same condition as above. 65.c.c. of nucleo- 
proteid injected and animal killed by asphyxia. Blood throughout the 
vascular system was in fluid condition. 

The observations recorded in this paper seem to point to the view 
that the intravascular coagulation of the blood, produced by the in- 
jection of either a nucleo-proteid or of the proteid-like colloid C, is.due 
to a chemical interaction between a molecular group or groups in the 
above named substances, and another molecular group or groups 
existing in the proteids of the living plasma; and not to the heavy 
nature of the colloidal substance injected. 

A slight alteration in the chemical composition of the blood of the 
animal is sufficient to prevent substances which normally induce 
intravascular coagulation from so doing. It is well to recall in this ° 
connection the influence of the season of the year (probably due to the 
temperature variations) on the physiological reactions produced by 
certain substances on the heart, as these physiological reactions are 
probably associated with, if not dependent on chemical changes in the 
heart’s contractile tissue. The appearance of the albino condition of 
the animal being confined to winter, and the pigmented state to the 
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warmer seasons and the presence or absence of pigmentation being 
evidence of a varying metabolism it is probable that the two series of 
phenomena are comparable. 


Experiments in Extravascular Plasma. 


In a paper published last year I‘ pointed out that the synthesised 
proteid-like colloids A, B and C failed to induce coagulation in sodium 
sulphate plasma. It had previously been shown by Prof. Halliburton? 
and Dr Brodie that nucleo-proteids failed to produce coagulation in 
salted plasma. Pekelharing® however explained the result of Halli- 
burton’s experiments, where magnesium sulphate was the diluent 
used, by suggesting that the magnesium sulphate prevented the union 
of calcium and nucleo-proteid, essential in his opinion to the reaction of 
coagulation ; Halliburton‘ has accepted Pekelharing’s explanation, 
and has further. demonstrated that dog’s blood mixed in certain pro- 
portions with a 1°/, solution of sodium carbonate has its coagulation 
accelerated by the addition of a nucleo-proteid, and from this and other 
experiments, he concludes that Schmidt’s fibrin ferment is a nucleo- 
proteid. 

Since my experiments, cited above, are also open to Pekelharing’s 
objection that salted plasma is not a fair test plasma, I have repeated 
them, following the method adopted by Halliburton. I have found 
that the addition of either of the colloids A and B (prepared by the 
interaction of PCl, and meta-amidobenzoic acid) does not apparently 
accelerate the coagulation of dog’s blood mixed with 1°/, sodium car- 
bonate, neither does it accelerate that of either pigmented or albino 
rabbits. The addition of the colloid C (colloide aspartique) however 
causes a slight acceleration of the coagulation of the sodium carbonate 
plasma as is shown by the tables on p. 314. 

It is evident that the colloid C hastens the appearance of a clot in 
the extravascular plasma (dissolved in 1°/, sodium carbonate) of both 
albino and pigmented rabbits, but that its action is not so marked 
as that of a nucleo-proteid. This property of the colloid C is lost if it 
be kept in solution for two or three days, and specimens even if kept 
dry lose their power after they have been prepared three or four months. 


1 Pickering. This Journal, xvmt. p. 54. 1895. 

2 Halliburton and Brodie. This Journal, xvu. p. 146. 1894. 
3 Pekelharing. Centralblatt fiir Physiologie, tx. p, 102. 1895. 
Halliburton. This Journal, xvi. p. 306, 1895. 
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(Brown rabbit’s blood used.) 


of blood 
to solution 
i. ual parts 
ii. Blood + } of its vol. of 
solution 
iii. Blood +} of its vol. of 
solution 
iv. Blood + 2 of its vol. of 
solution 
v. Blood + 6 drops of sol. 
vi. ditto 


(Albino rabbit’s blood used.) 


ii. Blood + } of its vol. of 


solution 
iii. Blood + } of its vol. of 
solution 
iv. Blood + } of its vol. of 
solution 
v. Blood + 6 drops of sol. 
vi. ditto 


Sol. of 1°/, sodium 
carbonate 
(control experiments) 
No clot in 3 hours 

ditto 
Clot in 23 mins. 
Clot in 18 mins. 


Clot in 20 mins. 
Clot in 16 mins. 


No clot in 3 hours 

Faint clot in 2 hrs. 
40 mins. 

Clot in 18 mins. 


Clot in 21 mins. 


Clot in 15 mins. 


2°/, sol. of colloid C 
in 1°/, sol. of sodiam 
carbonate! 


No clot in 3 hours. 
ditto 

Clot in 16 mins. 

Clot in 12 mins, 


Clot in 5 mins. 
Clot in 4 mins. 


No clot in 3 hours 
ditto. 


Clot in 17 mins. 
Clot in 7 mins. 


Clot in 4 mins. 


The colloids A and B even when they have been previously warmed 
with a solution of calcium chloride, fail to induce coagulation in extra- 
vascular plasma prepared by this method. 

I may here incidentally remark that I have confirmed the experi- 
ments recently made by Mr A. Edmunds’ that the addition of the 
colloid’ C does not hasten the coagulability of milk, neither will the 
colloids A and B produce this result. 


Summary. 


In conclusion, I would emphasise the following points :— 

The condition of the intravascular blood varies in animals that 
are sometimes in an albino, and at others in a pigmented condition. 

During the albino condition the injection into the circulation of 
either a nuclev-proteid, or of a dilute solution of the synthesised proteid 


1 All the sodium carbonate used was prepared by myself from water distilled into glass 
receivers, to avoid the possibility of oligodynamic action ; vide author’s paper, This Journ. 
xx. p. 177. 1896. 

* Edmunds. This Journal, xrx. p. 466. 1896. 
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like colloid C (colloide aspartique), fails to produce intravascular 
coagulation of the blood. A subsequent intravenous injection of 
CaCl, also fails to induce intravascular coagulation. 

During the pigmented condition of the animal, the intravenous 
injection of either of these substances produces extensive intravascular 
coagulation, which is usually well marked in the portal vein, inferior 
vena cava, and jugular vein. 

The coagulation of the blood after withdrawal from the carotid is 
hastened by the injection of either of these substances into the circu- 
lation of the animal, both during its albino and pigmented condition. 

During the partially pigmented condition of the animal, the intra- 
venous injection of a nucleo-proteid may either produce, or fail to 
produce intravascular coagulation of the blood. Its introduction into 
the circulation, however, always hastens the coagulation of blood with- 
drawn from the carotids. : 

The colloids A and B (colloides amidobenzoique of Grimaux) fail 
to induce coagulation in the extravascular plasma prepared by an 
admixture of dog’s or rabbit’s blood (in various proportions) with a 1°/, 
solution of sodium carbonate. Warming these substances with CaCl, 
fails to give them the power to induce coagulation in extravascular 
plasma. 

The colloid C hastens the appearance of a clot in the extravascular 
plasma (prepared by this method) of dogs, and of both pigmented and 
albino rabbits. The acceleration of the coagulation produced is not 
however so great as can be produced by the addition of a similar 
quantity of a nucleo-proteid to 1°/, sodium carbonate plasma. 

The remarkable correspondence between the action of nucleo- 
proteids and of the synthesised proteid-like colloid C both on albinos’ 
intravascular blood, and on extravascular 1°/, sodium carbonate plasma 
favours the view tentatively put forward by Prof. Halliburton and 
myself! that the colloid C is probably the nearest substance at present 
known to proteids, and may possibly even be termed an elementary 
_proteid. The absence of intravascular coagulation after injection of 
large doses of the colloid C into the circulation of albinos, negatives the 
view that the action of the colloids is due solely to their heavy 
molecular weight. 


1 Op. cit. 


August 10, 1896. 
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A METHOD FOR THE ESTIMATION OF SUGAR IN 
BLOOD. By E. WAYMOUTH REID, Professor of Physiology 
in University College, Dundee. Grocers’ Company Research Scholar. 
(One Figure in Text.) 


To the main chemical difficulty of accurate estimation of glucose is 
added, in the case of the blood, that of the extraction of the sugar from 
a solution rich in proteids yielding on precipitation a coagulum from 
which the last traces of the substance are as a rule with difficulty 
washed ; indeed the extent to which the proteid precipitate lends itself 
to easy extraction is after all, provided the method of sugar estimation 
is reliable, the gauge of the practical value of any method. 

In the following method the results have been obtained by using 
(i) Phospho-tungstic acid as the proteid precipitant, (ii) The filter-plate 
‘as an extraction apparatus, (iii) The Allihn-Soxhlet gravimetric 
process for the estimation of the extracted glucose. 

The phospho-tungstic acid precipitate of the blood-proteids when © 
heated and subsequently cooled, takes on an almost mineral character, 
can be ground in a mortar to extreme fineness, and when thrown upon 
a filter-plate of proper construction and sucked dry by a pump after 
each application of wash-water, can be efficiently extracted with a 
smaller quantity of water than by any other manipulative method with 
which I am acquainted. As will appear from an analysis quoted below, 
glucose is in no way affected by this reagent. 

Iuto a beaker of about twenty ounces capacity and of the shape 
known as “medium” are poured 250c.c. of a 7°/, solution of phospho- 
tungstic acid holding 2 c.c. per 100 of commercial hydrochloric acid. A 
glass rod provided with a piece of rubber tubing over one end is placed 
in the beaker and the whole tared. 

The animal is now bled to the extent of about 50c.c. of blood from 
a cannula with a fine nozzle, the contents of the beaker being stirred as 
the blood flows into the solution, and the gross weight taken to obtain 
the weight of blood used for analysis. 

The mixture is now raised to boiling in an oil bath to avoid 
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fracture (an enamelled iron mug holding castor oil is convenient), and is 
well stirred as the temperature rises. The height of the beaker allows 
ample room for possible frothing. The proteids soon collect into a 
mass, at first spongy and floating, but later, as the mass cools, hard and 
lying at the bottom ; so hard indeed that care must be taken that the 
beaker is not mechanically fractured’. Any flocks of coagulated 
- proteid on the side of the beaker are rubbed down with the rubber- 
shod rod. 

The whole is cooled, since the phospho-tungstic precipitate of the 
blood proteids is slightly soluble in hot solution. The supernatant 
fluid is filtered off into a porcelain evaporating basin, the filter washed 
into the same basin, the contents nearly neutralised (left acid) with 
sodic hydrate, and at once set on the water bath to reduce in volume. 

The proteid mass is emptied into a ten-ounce mortar and ground 
till it assumes the fineness and appearance of chocolate paste, the pestle - 
washed into the mortar, and the contents of the latter thrown on to a 
6 centimetre filter-plate’, lying in a 54 inch funnel fitted to a filter-flask 
and pump. 

The beaker and rod are now finally washed on to the mass lying on 
the plate and the final mortar and filter paper washings added. .The 
mass is sucked dry, the pump turned off, the funnel filled up with fresh 
water, and the process repeated three times. Cold. water is used in 
preference to hot to keep the proteids out of solution as far as possible. 
The whole washings measure less than 500c.c. These washings are 
now transferred to a large boiling flask (preferably a 2-litre Jena glass 
flask), nearly neutralised with sodic hydrate, but left acid, boiled down 
with the flask on the slant to about 50c.c., and added to the material 
in the porcelain basin on the water bath. The whole mass may be 
reduced to about 50 to 70c.c. and is finally cooled, almost exactly 
neutralised, filtered and made up to from 100 to 150c.c. for estimation 
of sugar. 

As regards the estimation of glucose, it is well known that excess of 
copper in the mixture of Fehling’s fluid and glucose solution increases 
the reducing power of the sugar, so that in running in sugar solution 
slowly into a fixed volume of Fehling’s fluid, the amount of copper 

1 This remark refers particularly to dog’s blood: with ox blood the precipitate is 
softer. If more than 50 c.c. of blood has been inadvertently added to the 7 °/, phospho- 
tungstic acid solution so that the clot is not well formed, a few drops of a saturated 
solution of the acid may be added at this stage. 


* The filter-plates that act most efficiently are those with fine holes and a rubber ring 
made by Messrs Kaehler and Martini of Berlin. 
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reduced by each successive addition of sugar solution is a diminishing 
quantity, as the dilution of the Fehling’s fluid increases. This trouble 
is of course usually dealt with by making a series of titrations adding 
to a known volume of Fehling’s fluid, all at once, a certain volume 
of the sugar solution and testing the acidified filtrate of the mixture 
for copper by potassic ferrocyanide. When of two volumes of sugar 
solution differing by only +4, ¢.c., one gives copper in the filtrate and the 
other does not, the mean volume is taken as that necessary to exactly 
reduce the copper in the volume of Fehling’s fluid taken. Such a 
procedure not only involves the use of considerable quantities of sugar 
solution, but is very tedious. 

In the Allihn-Soxhlet gravimetric method, into a relatively large 
fixed volume of Fehling’s fluid is discharged at once a relatively small 
fixed volume of sugar solution not over 1 °/, strength, so that the excess 
of copper is kept as nearly constant as possible. The time of boiling in 
each titration is in all cases two minutes. The copper oxide is then 
collected, reduced to metallic copper, and weighed. 

In this process then, the amount of copper, the concentration of its 
solution, and the time of boiling are constant in all titrations, the 
variable factor is the amount and concentration of sugar in the mixture 
dependent upon the concentration of the small fixed volume of solution 
added. 

The number of milligrammes of metallic copper reduced by a given 
number of milligrammes of pure glucose under the conditions has 
therefore to be experimentally determined at all the different con- 
centrations, from the weakest at which any appreciable reduction 
occurs, to the strongest within the limits set, ae. the fixed small volume 
of 1°/, glucose. This has been done for all the sugars and the results 
are collected under the title of Wein’s Tables’. 

Since this extremely simple and reliable method seems to be little 
known among physiologists it may be of advantage to give the details 
here. 

A tube, similar to that in the accompanying figure, is packed with a 
glass wool plug which is covered with asbestos that has been well 
boiled out in alkali, acid and water’. 


1 Dr Ernst Wein. “Tabellen zur quantitativen Bestimmung der Zuckerarten.” 
Stuttgart. Max Waag. 

2 These tubes can be obtained from Messrs Bender and Hobein, Gabelsbergerstrasse 
76a, Munich. 
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After a wash with alcohol and ether the whole is dried at 110°C., 
cooled in a desiccator, and tared. 

Into a porcelain basin are placed 60 c.c. of 
Fehling’s fluid, to this 60 cc. of water added, 
and the whole caused to boil briskly: 25 c.c. of 
the sugar solution, concentration of which does not : _~ 
exceed 1 °/,, is now discharged from a pipette into 
the boiling Fehling’s fluid and the mixture 
boiled for two minutes (a sand glass is convenient). 
Filtration is now effected by the pump through 
the asbestos filter-tube, a funnel being temporarily 
fitted by a cork to the wide end. This filtration 
must of course be effected as rapidly as is con- 


sistent with the complete collection of the cuprous ssesTos 
oxide on the asbestos to avoid any chance of re- Gass Woor 
solution on cooling. The basin and rod are 

thoroughly washed into the tube with freshly 

boiled hot water, and after treatment with alcohol 

and ether, the tube again dried. Hydrogen, rgreagy 
washed in acid permanganate of potash solution duced to éthe. 


and dried in a sulphuric acid bead-tower, is now 
passed through the cuprous oxide and the re- 
duction to copper effected in a few minutes by heating. Cooling of 
course takes place in a current of hydrogen to prevent re-oxidation. 
The tube is finally weighed and from the number of milligrammes 
of copper the weight of glucose read off in the Table. 

Two estimations can be made in an hour, and the method is far 
easier to work than the gravimetric method by electrolytic deposition 
on platinum. The maximum error in duplicate analyses should be one 
milligramme of copper, which corresponds to about half that weight of 

~. glucose, though as will be seen from the Tables the ratio varies at 
different concentrations. 
: I quote two analyses at different concentrations to indicate how 
accurate this method may be with pure glucose in solution in water. 


glucose solution mgs. copperfrom mgs. glucose 
| taken. 


| 25 o.c. of solution. per mean, °/, found. 
: 241°8 = 1248 ‘ 


59°8 
1225 1507 = 307 30-7 +1228, 


249 = 1250 
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To prove that phospho-tungstic acid does not affect the estimation of 
glucose by the method I quote the following analysis : 


(1) °4213 gr. glucose dissolved in 150 c.c. of 10°/, phospho-tungstic acid 
and 3 c.c. of commercial hydrochloric acid added. Boiled. Cooled and nearly - 
neutralised with sodic hydrate, but left acid. Digested on water bath for 
3 hrs., cooled, neutralised and made up to 200 c.c. 


25 c.c. gave 103-4 mgs. of copper = 52°6 mgs. of glucose. 
i.e. the 200 c.c. estimated to contain ‘4208 gr. glucose. 


Next as regards the recovery from blood of sugar added thereto. 


49°51 grs. of freshly defibrinated dog’s blood were extracted by the process 
described above. Final volume of extract 100 c.c. 


25 c.c. gave sos} mgs. copper (mean 30-7) = 16-4 mgs. glucose. 


Reducing power of total extract of 49°51 grs. blood = 0656 grs. glucose. 
To 50°10 grs. of same blood added ‘0824 grs. pure glucose. 

Total glucose as per previous estimate = *14878 grs. 

_ Extracted as above. Final extract measured 100 c.c. ; 


25 c.c. extract gave 133} mgs. copper (mean 72) = 36°8 mgs. glucose. 


.*. total extract held :1472 grs. glucose. 
Loss 00158 gr., 1-06 


(2) 51°76 grs. defibrinated ox blood (shed 4 hr. previously) extracted. 
Extract measured 125 c.c. 


178 
25 c.c. gave 18-6} mgs. copper (mean 18-2) = 10-1 mgs. glucose. 


Reducing power of total extract of 51°76 grs. blood = 0505 grs. glucose. 
To 51°48 grs. of same blood added ‘0938 grs. pure glucose. 

Total glucose as per previous estimate *1440 grs. glucose. 

Extracted as above. Final extract measured 125 c.c, 


25 c.c. extract gave 55-7} mgs. copper (mean 55-1) = 28°4 glucose. 
Total extract held -1420 glucose. 
Loss ‘002 grs. glucose, 1:39°/,. 


~~ 


(3) 45°79 grs. defibrinated ox blood. 

Extract measured 125 c.c. | 

25 c.c. gave 10 mgs. copper = 6-1 mgs. glucose. 

Reducing power of total extract of 45°79 grs. blood = 0305 grs. glucose. 
To 44°86 gr. same blood added -1334 gr. pure glucose. 

Total glucose as per previous estimate 1633. 
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Extracted as above. Final extract measured 125 c.c. 


25 c.c. extract gave seit mgs. copper (mean 63°8) = 32°7 mgs. glucose. 


Total extract held -1635 grs. glucose, i.e. no loss. 


Four analyses of blood from the carotids of dogs gave by the above 
process the following percentages of glucose (reckoning the total re- 
ducing power as glucose): *155°/,, 131 °/,, ‘167 °/, and ‘144°/,. 

In conclusion I may add that in addition to its accuracy, the above 
method is to be recommended for the ease and comparative celerity 
with which it can be conducted. ‘ 


July 28, 1896. 
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NOTE ON THE SO-CALLED TENDON REFLEX. By 
FRANCIS GOTCH, M.A. Oxon., F.R.S., Professor of Phy- 
siology, Ouford. (Five Figures in Text.) , 


THE following observations were commenced in the Physiological 
Laboratory, University College, Liverpool, in conjunction with the late 
F. J. Woods, M.B., during his tenure of the Holt Tutorial Scholarship, 
and were continued by myself both there and in the Physiological 
Laboratory at Oxford. 

The experiments were contrived in order to ascertain to what 
extent Sherrington’s discovery of the part played by the vastus 
internus muscle in the production of the knee jerk, could be utilised 
for the purpose of determining more precisely the time relations 
of the muscular contraction involved'. The experiments made by 
Waller* upon this subject are more or less open to the objection that, 
as the movement of the whole limb was the event the time relations of 
which were ascertained, the characters of the muscular contraction 
which produced such movement remained still undetermined. It will 
however be seen from the present observations that, in spite of this, 
Waller’s experimental records are as regards the essential question of 
delay practically the same as those obtained from the muscle itself, and 
the validity of his conclusions in favour of the response being due to 
direct excitation is thus fully confirmed. 7 

The following experimental procedure was adopted after a trial of 
various other methods : 

The animal (rabbit) having been etherised and appropriately fixed, 
the skin was divided along the inner side of the thigh and the vastus 
internus muscle then carefully defined. That portion of the common 
tendon with which its fibres are associated, was then detached from the 
patella and cut across, so that the muscle could be separated from its 
neighbours by a more or less arbitrary line of division along its external 


1 Sherrington. Proceedings Royal Soc. ut. p. 556. 1893. 
* Waller. Brain, Part x. 1880. This Journal, x1. p, 384. 1890, 
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border in the lower two-thirds of the thigh. Care was taken by the 
use of warm 0°6°/, NaCl solution to prevent injury through drying. 

The tibial tendonous end of this muscular strip was attached to one 
arm of a bell crank muscle lever by a thread which traversed a small 
pulley ; this could be so arranged that the muscle should be kept taut 
and that the separated free end should be raised above the adjacent 
structures. The thigh was now immobilised by fixing both the pelvis 
and the lower end of the femur with clamps; and the vastus itself 
further fixed by passing under its deeper part a piece of cork. To this 
cork the muscle was carefully attached by pins, whilst the cork was 
fixed in a rigid stand. With this arrangement the slip of the vastus 
muscle attached to the lever is practically independent of any passive 
movements of the tibia and the recording lever is in no way affected by 
the shake caused by a tap on the patella or its ligament. 

The partially separated slip of muscle was seen to contract through- 
out its whole length every time with flexed knee the ligamentum 
patellz was struck. Each such contraction when recorded, was found 
to be such as is obtained from a single twitch of the muscle, when this 
was evoked either directly or indirectly in response to a single electrical 
stimulus of the muscle or its nerve. The twitch in response to the 
tendon tap occurred, whether the separated vastus was stretched taut 
by a weight or allowed to lie lax upon the other muscles of the thigh ; 
it was only occasionally seen to follow a sudden direct pull on the 
muscle itself although occurring readily when by means of the tendon 
tap the upper undisturbed portion of the muscle was pulled upon in 
consequence of the blow. One essential factor in its production is the 
degree of permanent pnll upon the unaltered portion of the ligamentum 
patells. This presumably exerts a constant tension upon the upper 
undisturbed fibres of the vastus muscle; on cutting off the whole 
ligament the response fails but_returns as the tendon is stretched. 

In accordance with the results of many previous observers’, the con- 
traction of the strip in response to the tendon tap was influenced by 
varying conditions of which the following are the most potent ; (1) the 
general condition of the animal, deep narcosis (especially chloroform) 
abolishing it; (2) the condition of the patellar tendon, the stretching 
of the tendon by flexing the knee being essential for its maintenance; 
(3) the integrity of the reflex arc associating the muscle through its 


1 Westphal, Weir Mitchell, Lombard, Bowditch, Schultz, Waller, Pre- 
vost, Tschirief, Sherrington, Risien Russell and others. See Risien Russell, 
Proceedings Roy. Soc. i111. p. 480. 1893. 
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motor nerve (anterior crural), with sensory impulses entering the lumbar 
cord; any impairment in these nervous connections abolished it. The 
strip contraction was thus undoubtedly a portion of such muscular 
activity as produced the well-known knee jerk. The object of the 
experiments being to determine the character and time relations of this 
vastus contraction in response to the tap upon the patellar tendon, 
it was necessary to record the moment of the tap. This was effected by 
using a sensitive electro-magnetic signal in connection with a circuit 
which comprised a narrow blunt brass wedge and a metal rod. The 
brass wedge was placed athwart the patellar ligament and was struck 
by the metal bar. It was ascertained by careful control experiments 
that the movement of the signal due to the closure of the circuit when 
the brass wedge was struck by the rod, occurred without any appreciable 
delay and that any error due to the use of this simple apparatus did 
not amount to more than ‘001”. 

The blow drove the wedge sharply into the yielding patellar tendon, 
still it is probable that this push was not absolutely synchronous with 
the contact of the metals and thus with the signal closure; it is there- 
fore not improbable that the moment of stimulus (i.e. the tendon pull 
on the muscular fibres) occurred later than the signal indicated. 

Moreover the present experiments appear to show that the actual 
stimulus is the sudden mechanical change caused by the stretching of 
the upper portion of the vastus fibres, these being still attached to the 
whole quadriceps mass are therefore pulled upon by the blow even 
though their lower extremities are freed in the manner just described. 
A further loss of time must therefore occur through this circumstance 
and the total delay between the tap and the vastus response is thus 
not improbably ‘002” longer than that which exists between the actual 
stimulus of the fibre and the response of the isolated portion of the 
muscle. 

In Figure 1 are shown examples of the results obtained in three 
different rabbits. The moment of the tendon tap as recorded by the 
signal was in each case carefully registered in terms of the recording 
mnscle lever, and is indicated by the line marked (a), the commence- 
ment of the muscle record is marked by the line (b). It is seen that 
the period of delay between the signalled tap and the contraction is 
astonishingly brief, being about 005”. This period has to be reduced 
first by the fact just stated of the signal being about 002” in front of 
the stimulus, and secondly by the fact that the contraction starting at 


_ the upper part of the vastus fibres has to be propagated below the 
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point of fixation to the cork plate before it can affect the lever. The 
time is thus seen to be as short as any obtained in the case of the frog’s 
gastrocnemius when directly excited; the results corroborate those 
observers (Tigerstedt’, Regecsky*, Sanderson*) whose experiments 


have led them to infer that in the case of muscle a period of delay to 
direct excitation does not exist, 


Fre. 1. 


Carve of contraction of isolated lower end 
of Vastus Internus in response to the 
tap on ligamentum patellw. The time 
tracing is that of a tuning-fork 100 
D.V. per 1”. 


In Fig. 2 examples are given of the effect of a load on the response 
of the vastus strip. In the first instance the muscle was arranged so 
as to pull upon an unloaded extremely light lever (upper curve) ; 
in the second the lever was weighted so as to keep the muscle taut 


eo Tigerstedt. Du Bois-Reymond’s Archiv, 1885. (Suppl.) 
* Regecsky. Pfliiger’s Archiv, xuit. p. 584. 1888, 
* Sanderson. Proceedings Roy. Soc. xuvim. p. 14. 1891, 
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(lower curve). An examination of the tracings shows that the point 
which is taken in Fig. 1 as indicating the moment of initial rise is the 
true start of the effect. The precise determination of the position 
of the commencement of the rise is always difficult, but a number of 
experiments with very light levers in which the curve is magnified as 
in the upper tracing of Fig. 2, showed that the contraction unquestion- 
ably began at the point indicated, this being 005” after the tap in each 
case. The very light lever used in the production of this record was 
jerked upwards so strongly by the vastus shortening that the duration 
of its movement with its resulting curve has obviously far outrun that 
of the mechanical change in the muscle, and except as regards the start 
it does ‘not indicate the subsequent time relations of the muscular 
shortening and relaxation. As regards the time relations of the whole 
response it is evident from the other records that each response 
resembles in all its phases that of a gastrocnemius twitch and appears 
to be a single contraction such as would be evoked by a single stimulus, 

In order to obtain further information upon this point experiments 
were made in which the same tap should evoke both the vastus con- 
traction and a single response of the frog’s gastrocnemius. The latter 
was prepared with a long portion of sciatic nerve and the nerve was 
placed across the patellar tendon. The mascle was suitably fixed and 
attached to the light lever used for Fig. 2 which recorded its movement 
below that of the vastus muscle. The brass wedge was now carefully 
lowered until it rested on the nerve and thus on the tendon; when 
struck the blow did three things, it closed the circuit of the signal, 
excited mechanically the nerve of the frog’s gastrocnemius and caused 
the vastus reaction to the tap. 

Fig. 3 is an example of the double record thus obtained, and the 
interval between (a) and (6) is seen to be still unaltered (i.e. about 
005” to '006”) in the case of the vastus response giving the upper 
curve, whereas in the indirect response of the gastrocnemius giving the 
lower curve it was with the apparatus used as much as 013”. In all 
similar cases it was found that the vastus response was earlier than 
that which could be obtained by such indirect excitation of the frog’s 
gastrocnemius with this mechanical stimulus. 

It therefore appeared probable that the vastus reaction to the tap 
was due to direct excitation of its fibres and the next point taken 
up was the determination of the vastus response to direct and indirect 
excitation respectively. 

To effect this the muscle was prepared in precisely the same way 
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but was excited by a strong single break induced current sent across 
the entire mass of its upper fibres. An example of the muscular record 
is given in the upper tracing of Fig. 4; it will be seen that the period 


Fia. 38. Fro. 4. 


of delay is the same as that obtained in the case of the tendon tap 
viz. about 005”. 

A striking difference occurs if the muscle is excited indirectly by 
allowing an adequate break induced current to traverse its nerve. An 
example of this taken on the same muscle is given in the lower curve 
of Fig. 4, the period of delay in this instance is 01”. 

A number of experiments of this kind showed that the minimal 
period of delay of the vastus internus to direct excitation averaged 
005”; whilst the minimal period of delay to indirect excitation averaged 
‘01”. It is thus clear that the reaction of the vastus to the tendon tap 
cannot be brought about by stimulation of its motor nerves, much less 
by reflex stimulation, since the time between the tap and the response 
is far too short; the reaction can only be one evoked by the direct 
mechanical excitation of the muscle fibres. This mechanical excitation 
is in all probability the sudden stretching of the fibres in consequence 
of their elongation through the blow. The conclusions arrived at by 
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Waller as to the nature of the knee jerk are thus amply confirmed by 
the present observations. 

The connection of the whole reaction with central reflex activity is 
however undoubtedly a very intimate one, since the division of the 
anterior crural nerve greatly modifies even if it does not in all cases 
abolish the reaction. The present series of observations afforded ample 
opportunities for ascertaining whether it is possible to obtain the 
reaction in the rabbit after destruction of the reflex arc. In one 
instance only out of 30 different animals was a reaction obtained after 
division of the anterior crural nerve. This one instance was a case in 
which the nerve was divided under aseptic precautions with other 
objects in view and the animal allowed’to recover from the anwsthetic. 
On examining it some hours afterwards, the knee jerky which was 
abolished by the division, was distinctly observed, and on etherisation 
the next day the exposed vastus was seen to contract with each tap of 
the patellar tendon ; on isolating the lower part of the muscle in the 
manner indicated in the preceding experiments in order to record the 
result, the reaction failed and covild not be again obtained. Subsequent 
dissection showed that the nerve had been completely divided. 

It would appear therefore as though the excitability of the vastus 
muscle was maintained by the presence of the reflex arc, and if so, then 
the reaction, though direct in its origin, is only possible when the 
muscular excitability has been brought up to and maintained at an 
adequate pitch ; this is effected under normal circumstances by nervous 
influences descending constantly to it from the spinal cord. The 
experimental ‘proof of this view is, it must be confessed, wanting. It 
should be possible to obtain demonstrable evidence of alteration in 
the excitability of the vastus muscle occurring in consequence of 
central nervous influences, All endeavours to reinstate the response 
after its abolition by section of the anterior crural, by such agents as 
electrical stimulation of the nerve, have failed *. 

_ A considerable number of experiments were made upon this further 
question as to change in excitability and these also were without result. 
The vastus muscle was excited directly by different stimuli at a definite 
point on its upper surface as near its origin as practicable. The first 
stimulus used was that caused by a break induced current, the opening 
of the key in the primary circuit being effected at a constant velocity 
through the agency of the spring myograph or the pendulum. In 
order to obtain a true minimal effect, the muscle was not allowed 


1Tschirief. Arch. f. Psychiatrie, vit. p. 694. 


4 
¥ 
| 
4 
“ 


TENDON REFLEX. 329 


to record but excited im situ and observed; this method of observing 
can be made far more accurately than one in which a record is involved, 
since in the latter case a large bulk of the muscle must respond in 
_ order to move the recording lever. The most effectual plan for 
observing was found to be one in which platinum electrodes with points 

1 mm. apart were fixed in a moveable holder and pressed down upon 
the muscle. The reflection of a window mirrored in the moist surface 
at the points where the electrodes touched the tissue furnished a very 
delicate means for determining whether the fibres at these points 
respond to the stimulus. With this arrangement the induced current 
used could be weakened until a localized direct response causing a 
change in the surface reflection, was seen at the kathode electrode only. 
Although the method seemed fully adequate to ascertain very small 
changes of excitability no differences could be observed in the minimal 
direct response to the external electrical stimulus under conditions 
which undoubtedly affected the knee jerk, such as deep narcosis, division 
of anterior crural nerve, &c. Similar negative results were obtained 
with other electrical stimuli, such as the closure of a galvanic current. 
It appears therefore as though the augmented muscular excitability 
through cord tonicity, if it exists, is an augmentation for one form of 
stimulus, viz. the sudden mechanical change. 

‘ Whilst the evidence clearly shows that the knee jerk in so far 
as it is caused by the contraction of the vastus internus on the same 
side is due to the direct stimulation of the muscle fibres, it is not so 
_ Clear that the muscle may not in some cases react reflexly to even such 
a stimulus as that of the tendon tap. The particular cases which seem 
to indicate this are those in which a crossed reaction is observed, i.e. a 
contraction of the vastus internus on the side opposite. to that of the 
struck tendon. This phenomenon was observed two or three times 
accidentally in the rabbit, but all experiments made for the purpose 
of obtaining the record of the response of the isolated vastus, failed, 
the effect disappearing when the muscle was separated. It is well 
known to occur in man under abnormal conditions, and as a case 
in the Liverpool Royal Infirmary under Dr Glynn presented the 
phenomenon in a most marked degree, a large number of records 
were made ; these comprised simultaneous tracings of the movements 
of both limbs and of the contraction of the thigh muscles, the latter 
records being obtained by the use of Marey’s tambours. The state of 
the neuro-muscular system was such that exaggerated knee jerks on 
both sides were readily elicited by a light tap on either tendon. 
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In Fig. 5 is a specimen selected out of several records: the upper 
line of the set was traced by a tambour which indicated the moment 
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Direct and and crossed response of Vastus Internus muscle (man) to the tendon tap: 
(a) taps, (>) contraction of opposite muscle; (c) contraction of muscle on 
same 


of the tendon tap making the curve (a); the lower line of the set is 
the record of the tambour connected with the limb on the struck side, 
the curve (c) is that of the vastus contraction on this side; the middle 
line of the set is the record of the tambour on the crossed side and 
the curve (5) that of the contraction of the vastus on the side opposite 
to that of the struck patella. 

The three recording levers were not placed so as to be in precisely 
the same plane, and the necessary corrections are made in every 
instance. With this correction the time from a to c’ indicates the true 
period of delay on the struck side, i.e. +3,”, whilst a to b’ indicates the 
period of delay on the opposite side, i.e. 3%,”. 

The average of all the records obtained gave for the same side a 
period of delay of 025”, with a maximum of 03”; for the opposite side 
an average period of delay of ‘11”, with a maximum of ‘12”. 

There was thus an increased period of delay in the case of the 
crossed effect of 08” to 09”. 

In order to ascertain in man the time of the vastus response to 
a single indirect excitation, the muscle was excited through the skin 
and the contraction thus evoked was recorded by the same method. 
This contraction appeared to be similar in character to the curve c 
and was found to give an average delay of 03”. It was ascertained 
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that the muscles of both sides gave in this respect similar results. 
It follows from this that the response to the tendon tap on the struck 
side is a twitch due to a single stimulus probably direct in character 
and cannot be reflex in origin, on the other hand the response on the 
crossed side might be a reflex. 

A further difference between the two responses was the character 
of the contraction; the record on the same side was such as the 
apparatus recorded when the muscle gave a single twitch in response 
to a single electrical stimulus. The record of the crossed side pre- 
sented characters which could only be interpreted as those of an 
imperfectly fused series of such twitches. 

These facts suggest that the crossed effect is a true reflex showing 
the two undoubted characteristics of spinal reflex movements, viz. reflex 
delay and reflex rhythm. 

In referring to the crossed effect Waller' has suggested that in 
these cases the impact of the blow is transmitted by the femur to the 
pelvic arch and thus evokes a direct response on the crossed side by 
the shake acting as a mechanical stimulus to the muscles. In order 
to ascertain whether the additional time of the crossed effect 08” 
could be consumed by such transmission, a number of observations 
were made of the following kind. The tambours previously employed 
were used to ascertain what part of this interval was due to such a 
propagation through the bones as was suggested by Waller. It was 
found that in subjects of similar size to the patient the maximum delay 
with the tambour apparatus when one patellar tendon was forcibly 
struck and the shake movement of the opposite bone or muscle re- 
corded, was ‘04”. Hence even assuming that such transmission is a 
possible adequate stimulus to the opposite muscle there remains a 
large margin of ‘04’ unaccounted for if the crossed effect is regarded 
as due to direct stimulation of this nature. The time relations are 
such as would be present if the crossed knee jerk was due to a reflex 
contraction, and when the summated character of the crossed effect 
in this particular case is also taken into consideration, the balance 
of evidence seems to show that the crossed reaction was in this instance 
reflex in origin. 

It would thus appear that in man it is possible under abnormal 
conditions of the central nervous system to obtain a direct response 
on the side struck and a reflex one on that opposite to the tap. This 


' Waller. This Journal, x1. p. 393. 1890. 
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interpretation, which is in opposition with tne views set forth by 
Waller, presents one other feature of interest. 

The condition of the neuro-muscular system in this instance was 
such that whilst a crossed effect occurred there was no reflex effect 
on the same side as that of the blow. The direct response on the 
struck side was a twitch of from }” to 7,” in duration and showed 
no evidence of being compound in character such as would be produced 
by a reflex response immediately following the direct one. It is 
difficult to believe that the reflex discharge from the cord, if it occurs 
is not bilateral, and in the particular case referred to there was evidence 
of such bilateral discharge in the synchronous clonic movements of 
the muscles of both limbs which often occurred as late after effects 
to the tap. The assumption therefore that the crossed response is 
reflex carries with it the necessity for a further assumption, namely 
that when the direct response occurs, the muscles concerned are in 
such a condition that they will not readily respond to a cord discharge 
and thus the reflex is seen on the crossed side only, whilst on the side 
of the stimulus the contraction is a single twitch in response to the 
single mechanical stimulus. Finally, in order to obtain in the mammal 
definite records of a reflex contrasted with a direct response, some 
experiments were made upon the cremaster muscle of the rabbit’. 
In the young animal this muscular slip loops round the testis where this 
has descended to the abdominal ring. It can be exposed with great 
ease and threaded at its lower loop. It was connected with the light 
levers previously used for recording the vastus internus and its upper 
attachment was fixed in the same way by means of a cork block. 

The direct excitation of the muscle caused a single contraction 
commencing ‘02” to 03” after the stimulus. The reflex excitation 
was effected either by a light prick of the fascia over the gracilis 
muscle on the inner side of the thigh or by exciting this fascia with 
a single break induced current. Both methods evoked a reflex con- 
traction commencing ‘05” to 06” after the moment of stimulation, and 
characterised in the records by a series of superimposed curves. 

The differences between the cremasteric reflex and the cremasteric 
direct contraction were found to be (1) an additional delay of from 
03” to 04” and (2) the indication through the superimposed contrac- 
tions of a response to a multiple series of nervous stimuli, 


1 Langley and Anderson state that there is no cremaster proper attached to the 
spermatic cord in the rabbit, This Joyrnal, xx. p. 92; the muscle called cremaster here 
is a loop surrounding the testis as described by Krause. 
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The cremaster furnishes an admirable object for the study of reflex 
effects and work of this kind in connection with it is still in progress. 
The investigation is introduced here only iv as far as it corroborates 
the view taken of the crossed tendon effect. Both the time relations 
and the character of the reflex response resemble those alluded to in 
the preceding paragraph as present in this crossed response. 

An additional point of interest is the circumstance that the cre- 
masteric reflex obtained from the stimulation of the gracilis fascia 
appeared to fail when both the fascia and the muscle itself were 
simultaneously excited. 

There was no indication in the records obtained with this double 
excitation of any response except the single muscular twitch; thus 
in this case the direct excitation of the muscle appeared to place it 
under conditions which rendered it less susceptible of responding to 
such reflex cord discharges as must undoubtedly have occurred. 

The results of the whole investigation appear therefore to lead 
to the following conclusions. 

(1) The contraction of the vastus internus in response to the 
tendon tap is a single twitch of the muscle evoked by the direct 
mechanical excitation of its fibres. 

(2) There is no proof at present that the direct muscular ex- 
citability is diminished by circumstances which undoubtedly cause 
the above response to fail. 

(3) The tendon tap may cause not only a direct response but a 
reflex discharge from the spinal cord. 

(4) This reflex discharge, although it evokes no response on the 
struck side, may evoke a response on the opposite side, constituting a 
true crossed reflex effect. 

(5) In the rabbit there is no evidence of the reflex effect on the 
struck side but it is quite possible that conditions may be present 
in other animals and in man which should diminish the susceptibility 
of the vastus to the direct mechanical stimulation whilst they augment 
the reflex discharge from the spinal cord; under these circumstances 
a reflex effect on the struck side might occur. 

_ (6) The discrepancies between different observers as to the funda- 
mental nature of the effect (direct or reflex) may not improbably be 
due to the augmented influence of one of these ~— and the diminu- 
tion of the other. 
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SYMPATHETIC NERVE CELLS AND THEIR BASO- 
PHIL CONSTITUENT IN PROLONGED ACTIVITY 
AND REPOSE. By F.C. EVE, BA., Emmanuel College, 
Cambridge, late Demonstrator of Physiology, Yorkshire College, 
Leeds'. (Plate II.) 


Part I. THE BASOPHIL MATERIAL IN NERVE CELLS. 


PaRTICLES of this material have long been known in the nerve cell, 
but attention has recently been directed to them by Nissl and others 
in consequence of their strong affinity for methylene blue after fixation 
in alcohol or corrosive sublimate. With ordinary stains they are but 
faintly visible. These basophil particles have no regular shape, and in 
size they vary from an almost invisible speck up to a particle several u 
in diameter. These specks have received various names, but “ baso- 
phil particles” will be used here, since it expresses the facts without 
using terms already polarised in other senses. 

The particles vary very widely in amount in the cells of the same 
ganglion and also in different individual animals. They are generally 
disposed most thickly round the periphery of the cell, become scarcer 
near the centre, and generally leave a more or less vacant zone round 
the nucleus. Frequently too there is a narrow zone beneath the 
capsule which is almost free from basophil particles. But the structure 
of this zone is generally vague, since no staining method defines clearly 
at the same time the particles, the capsule, and the cell substance. 
With the picrocarmine methylene blue method this subcapsular zone is 
rendered obvious*. The particles may occasionally be seen to occur as 

1 This investigation was commenced in July 1894 in the Cambridge Physiological 
Laboratory, and was continued at the Medical Department of the Yorkshire College. All 
the experimental work was performed during my vacations at the Cambridge Laboratory. 

* This zone is often occupied by large vacuoles bounded chiefly by radial strands 
(PL. Il. Fig. 256). Such vacuoles are present not only in corrosive preparations, but also 
after fixation in osmic acid or Flemming’s fluid. Vacuoles in the body of the cell are 
much finer and rarer, though the peripheral vacuoles will often appear in a tangential 


section of a cell to ocoupy a central position. Frequently however no vacuoles are visible 
in the cell. 
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small spindles in the protoplasmic processes of sympathetic cells, but 
these are very inconspicuous. 

Dogiel® has shown that these particles exist in the fresh cell 
(staining with methylene blue by Ehrlich’s method), when they 
appear first as fine particles similar to those seen in corrosive prepara- 
tions. Later however the particles collect into large lumps which 
give the cell a speckled appearance. This observation seems to me 
important as showing the fluid nature of the substance and the 
readiness with which its particles may fuse. 

Nissl™ has apparently studied the particles chiefly in the central 
nervous system, where they are generally much bolder objects, and he is — 
so impressed with their size and shape as to hold the view that they 
are organised morphological units. He attacks Rosin for considering 
them mere chemical basophil granules. 

Vas® examined five human superior cervical ganglia, and concludes 
on this rather slender basis of observation that the basophil substance 
—which he calls chromatin—developes pari passu with the individual, 
and diminishes in old age. 

Mann® and Lugaro™ both consider the basophil substance to be 
of an interstitial nature, and this seems to me the most obvious inter- 
pretation of the appearances and of Niss|’s own figures. 


Development of the basophil substance. 


In a rabbit foetus of 24 inches one finds the substance occurring 
differently in different cells: 

(1) The spinal motor cells show no more than a faint diffuse blue 
staining. 

(2) The cervical sympathetic ganglion cells (but only the larger 
ones) contain an outer darker blue zone in which fine particles are 
occasionally visible. | 

(3) The cells of the posterior root ganglion have a few fine pale 
granules, which do not occur round the nucleus and are absent from the 
smaller cells. 

(4) The vagus ganglion appears much more advanced, and has 
numerous distinct particles. 

Hence we see that the basophil substance appears very early—in 
fact before nerve-cell division has ceased in the ganglion. Later it 
assumes the particulate form, and this gradual formation of basophil 
particles seems to me distinctly opposed to Nissl’s view of their nature. 
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The posterior root ganglion cells appear to pass through a stage in 
development in which they resemble adult sympathetic cells in the 
fineness and peripheral distribution of their basophil particles. 

The other features of these three ganglia are worth noting in 
passing :— 

In the cervical ganglion, the cells are very variable in size 
(which is however small compared with the nucleus). Cell-boundaries 
are generally vague, so that what appears to be one cell may contain 
2, 3, 4 or even 6 nuclei, and the cells are closely packed together. 
Mitosis is going on freely in the nerve cells and connective tissues 
_ of the ganglion. 

The vagus ganglion contains many nerve fibres, and a few cells 
have double nuclei, while two nuclei (of surface cells) are of the dense 
collapsed type which is said to. indicate fatigue, but which I should 
ascribe to injury or exposure or some other cause than fatigue. 

In the cells of all three ganglia, fine vacuoles were visible, and the 
nucleolus was almost always fragmented into several small portions, 
possibly in connection with the nuclear division. 

In two rabbits two weeks old the ganglia appeared quite normal, 
except that the basophil substance was rather scarce, and it was con- 
fined to the periphery of the cell with unusual regularity. 

The presence of this material in the various members of the animal 
scale requires investigation, At present I have only examined the 
worm, the nerve cells of which resemble those of vertebrates in :— 

a. Variable amount of basophil substance. 
b. The peripheral distribution of this, 
c. The structure of the nucleus and nucleolus. 

They differ from vertebrate cells in respect of the vacuoles, which 
are much larger and more numerous, and in the presence of particles 
staining bright pink with eosin. 


Presence of the basophil substance in animal tissues. 


No substance with the same affinity for methylene blue is present 
in tendon, muscle (plain or striped), cardiac muscle (or cells of Purkinje 
in sheep’s heart), nerves, medullated or non-medullated’, pituitary 
body, pancreas, suprarenal, ovary, kidney and thyroid. 

1 The term “ basophil” has been used to mean affinity for basic dyes and an absence 
of affinity for acid dyes after fixation. Thus non-medullated nerves have been said to 


contain no basophil material, although they develope a transient affinity for methylene 
blue after exposure in the fresh state. 
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The contents of the cells of the dog’s submaxillary gland and of the 
chief cells of the cardiac gastric glands, and the matrix of cartilage 
have a similar affinity for methylene blue, but differ in other respects. 
The liver cells of rabbit, pig, winter frog and worm commonly contain 
a granular material staining similarly with methylene blue. 

The complete absence of the basophil substance found in nerve 
cells from so many tissues indicates that it is no ordinary proteid, 
indeed it is very possible that it is not a proteid at all. 

Effect of solvents :—After treatment with the solvent the ganglia 
were fixed in corrosive and stained with methylene blue and eosin. 
The observations were all made on the rabbit. 


Salt Solution. Artificial circulation with 0°6 °/, with a trace of CaCl, at 
about 40°C. was kept up for four hours at a pressure of two feet of water. 
Examination showed the sympathetic cells to be extremely vacuolated, 
especially at the periphery, but the granules were unaffected. The nucleus 
was watery but normal. 

Another ganglion was excised and immersed in normal saline for three 
days; the granules were undissolved, though the cells were shrunken and 
freely vacuolate. 

A further ganglion was placed in salt solution 1 °/, for 24 hours; the cell 
body was collapsed and stained dark blue throughout, but the granules were 
frequently visible. 

Hence the substance is insoluble in weak solutions of sodium 
chloride, though the large vacuoles indicate that some of the cell 
constituents may be soluble. 


Weak Alkali (4 drop NaOH per c.c. normal saline). 

30 hours’ immersion of fresh ganglion. Shrinkage and vacuolation small. 
No trace of basophil substance left. Cell stains with eosin only. 

30 minutes’ immersion, No particles left—only a faint blue tinge. No 
vacuoles. 

10 minutes’ immersion. The cells stain densely blue, but no discrete 
particles are visible. 


It appears then that under the action of weak alkali, the particles 
are first dissolved into a diffuse material, which still stands blue, and 
this is then either washed out entirely or possibly its affinity for 
methylene blue is destroyed. 


Weak Acid (} drop of acetic acid in 1 c.c. of normal saline solution). 
30 hours’ immersion. Cells shrunken and stain dark blue all over. 
Particles invisible. 
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30 minutes’ immersion. Outer cells stain pale pink and are vacuolate. 
Inner cells are bluish, with remains of particles, 

10 minutes’ immersion in still weaker acid salt solution produces the 
diffuse blue staining discussed later. 

Thus the granules appear to be first dissolved by weak acid and then 
washed out—whilst later the protoplasm of the cell seems to acquire an 
affinity for the basic dye by combination with an acid. With alkali 
followed by an acid dye the effect is analogous, but the nuclei resist 
the action of the alkali and continue to stain with the basic dye. 


Effect of pathological conditions upon the basophil substance. 

In a frog and a rat which had succumbed from want of food, no 
scarcity of this material was observed. 

The well-known experiment was tried of clamping the aorta of a 
rabbit just above the renal arteries. After half-an-hour, the. clamp 
was removed and the animal was allowed to live for four days. 
During this whole period there was complete paralysis and loss of 
sensation over the hinder half of the body. The ganglion cells of the 
sympathetic chain appeared absolutely normal—as also were the pos- 
terior root ganglion cells, although some of these were in close contact 


with the cord. In the cord itself however there was complete degenera- 


tion of nearly all the nerve cells,—as has already been described by 
Wiener and Miinzer®—and a gradual but complete disappearance of 
the basophil substance. 

Traumatic injury caused by operations in the neighbourhood of the 
upper cervical ganglion seemed to cause a similar degeneration of the 
nerve cells, accompanied by the same loss of the basophil substance, 
and inaugurated by a marked diffuse blue staining of the cell. 


Part IJ. THE EFFECT OF LONG STIMULATION, REPOSE, STRYCHNIA. 


The question whether the activity of nerve cells is associated with 
recognisable changes in their structure has formed the subject of 
several papers during the last few years. In considering this question 
it is well to bear in mind the wide variation in structure between the 
individual cells of even a normal ganglion. 

Hodge® (1887) was the first to attack the subject: He always 
subjected a control ganglion to the same histological treatment, and 
mounted the sections side by side—a condition essential in this work, 


q 


SYMPATHETIC NERVE CELLS. 339 


owing to the wide variability of nerve cells among individual animals. 
Hodge obtained anesthesia by dividing the crura cerebri, stimulated 
for 45” in each minute, and usually treated his ganglia with osmic 
acid. Twenty-two experiments consisted in stimulating the posterior 
root ganglion cells through the brachial or sciatic plexus in frogs or 
cats for one to ten hours. Five experiments were devoted to ascer- 
taining if the evidences of fatigue were removed by periods of repose of 
seven to twenty-four hours. The ganglia of birds and bees were com- 
pared before and after a hard day’s work. Finally, he stimulated spinal 
ganglion cells of the frog under the stage of the microscope—the cells 
being isolated by teasing and kept in a slow stream of salt solution. 
He appears to have thought that cells thus treated would remain 
irritable for days. 

The results of these numerous and varied experiments he found to 
be remarkably concordant. His conclusions are :—that during fatigue 
the nucleus decreases markedly in size and becomes jagged and dark ; 
that the cell body becomes:slightly shrunken and vacuolated ; and that 
nerve cells slowly recover with rest. He makes no mention of the 
basophil particles. 

Vas® stimulated the cervical sympathetic of the rabbit for fifteen 
minutes. From six experiments he concludes that the nucleus and cell 
both swell and that the granules retire to the periphery. 

Lambert stimulated the cervical sympathetic of the rabbit ‘and 
found no alteration in the size of the nucleus or cell, but confirmed -the 
observation of Vas that the granules retire to the periphery. 

Mann® (1894) stimulated the cervical sympathetic,in the rabbit 
for one-half to nine hours. He also made observations in the dog upon 
the cells of the spinal cord, on those of the motor and visual areas, and 
on the cells of the retina—a condition of activity having been induced in 
each case. He treats the nervous tissues by fixation in a saturated 
solution of corrosive sublimate in normal saline, to every 100 c.c. of 
which is added 1 gm. of picric acid. His chief stains are toluidin blue 
(much the same as methylene blue with sympathetic cells), and a 
methy! blue and eosin mixture, which is subsequently washed in two baths 
of absolute alcohol—one acid, the other alkaline. He concludes (1) that 
during rest several chromatic materials are stored up in the cell which 
are used. up in activity; (2) that in activity, the cells, nuclei and 
nucleoli increase in size in sympathetic, motor and sensory cells; 
(3) that in fatigue there is shrivelling of the nucleus and probably 
shrinkage of the cells and formation of a diffuse chromatic material in 
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the nucleus, and (4) that in sympathetic cells the granules of chromatin 
in the cells diminish greatly in number and become very pale after 
six to nine hours’ stimulation. 

His account is of a preliminary nature, except the histological 
method, which is given in full. It is not possible to estimate the value 
~ of his conclusions without knowing the number of experiments, how far 
they are concordant, the method of stimulation, the anesthetic em- 
ployed and other matters. 

Lugaro® (1895) takes the somewhat peculiar view that a truly 
resting sympathetic cell is best obtained by taking the ganglion from 
an animal five hours after killing it with chloroform. He fixes in 
absolute alcohol, embeds in celloidin, and stains in warm aqueous 
methylene blue, washing out in alcohol and anilin oil. He stimulates 
the cervical sympathetic in the rabbit for 5, 15, 30 minutes and 1, 3, 6 
hours, and measures 1000 cells or nuclei in each ganglion. He con- 
cludes (1) that activity is accompanied by an increase in the size of the 
cell and (to a less degree) of the nucleus and nucleolus: (2) that 
fatigue produces decrease in size of the cell, a less decrease of the 
nucleus and little or none of the nucleolus. The decrease in size 
of the nucleus is not accompanied by any irregularity of outline. He 
finds (3) that blue-staining granules vary very widely with the cell, 
especially with its size: but that probably activity causes slight increase 
in the amount of these granules and fatigue a slight decrease with 
a more scattered distribution. 

It will be seen that there is very little agreement in the results of 
previous observers; I may now turn to my own—first defining the 
sense in which the terms fatigue and exhaustion will be used, for they 
are employed differently by different observers. 

Ex haustion or absolute fatigue of a cell is a condition resulting 
from activity so vigorous or prolonged that the cell is incapable of any 
further activity unless a period of repose be allowed. In partial 
fatigue, activity is less vigorous or more difficult to evoke than in the 
resting condition. 

Details of method. The rabbit was tracheotomised, and the chloral 
was supplemented by A.C.E. mixture when necessary. A hot-water 
bottle was beneath and flannels above the animal. The nerve was 
stimulated about 5 cm. below the ganglion, and the stimulus was made 
just strong enough to maintain a firm constriction of the ear artery. 
Its strength had periodically to be increased, or a fresh piece of nerve 
was exposed and stimulated. The stimulus was switched off at in- 
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tervals so as to prove by the flushing of the ear artery that its influence 
had been properly exerted. The ear on the control side remained 
always very flushed after section of its nerve. The interval which 
elapsed before the flushing or constriction became visible was noted, 
and this reaction period could be very greatly accelerated by applying 
a@ warm sponge to the ear. At the end of the longest stimulation - 
(12 hours), the vaso-constrictor apparatus was quite capable of 
vigorous action. 

Technique. I spent some time in finding out the best reagents for 
fixing and staining. Among the rejected reagents were Miiller’s 
fluid, Flemming’s fluid, and osmic acid, because they destroyed the 
affinity between methylene blue and the basophil substance: alcohol, 
because it might cause unequal shrinkage: alcoholic corrosive sub- 
limate, because it caused a transference of the contents of the cell and 
nucleus in a centripetal direction towards the centre of the ganglion. 
Osmic-corrosive mixtures seemed to penetrate unequally: corrosive 
with acetic was not suitable when one was searching for a possible 
shrinkage, though its action seemed very good. Mann’s corrosive- 
picric mixture seemed liable to produce shrinkage, though in fact I 
often used it. The following stains were found unsuitable for various 
reasons :—safranin, fuchsin, chinolin, carmine, picrocarmine, the Ehrlich- 
Biondi mixture, hematoxylin and eosin, magenta, Bismarck-brown. 

The problem was to choose a method which should demonstrate 
changes in the amount, size or distribution of the granules, vacuoles, or 
nuclear contents, as well as in shape and chemical constitution. 
Methylene blue and eosin (after corrosive) was found to fulfil these 
requirements, especially in the form of a mixture of the two in 30°/, 
spirit in which the sections lay for 24 hours. Here each of these 
antagonistic dyes has ample opportunity of entering into combination 
with various parts of the tissues, and the washing out with absolute 
alcohol can be so thorough (30—100 seconds) that one can be certain 
that all diffuse and unsuitable combinations are removed. 

The procedure then is this:—The excised ganglia are placed in 
saturated aqueous corrosive sublimate for 4—16 hours—the stimulated 
ganglion being always removed with }” of nerve, which is then bent. 
back alongside the ganglion, and fixed in this position; so that in all 
subsequent transverse sections the stimulated ganglion can be identified 
by the transverse section of the nerve which appears close to it, while 
at the same time it does not compel the observer to know which 
ganglion he is looking at. After corrosive, the ganglia are washed in 
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water for several hours, alcohols during two days or less, absolute 
alcohol with three changes in two days, cedar oil a few hours (I could 
detect no improvement after using the more gradual chloroform process), 
paraffin at 55°C. for two hours or more. Sections (2} to 4 in thickness 
and generally transverse) are flattened on warm water, and floated on 
to coverslips. The sections are stained on the coverglass for 24 hours 
in the eosin and methylene blue mixture, washed with absolute alcohol 
to a pale pinkish colour, cleared in toluol and mounted in balsam. 

The granules and nucleoli are then dark blue, the nucleus pinkish 
blue, the cytoplasm pinkish and the blood corpuscles scarlet. The 
staining process will show in addition certain changes, such as a slight 
postmortem change which occurs if the ganglion has been exposed for a 
short time to the air before fixation. This change is made visible as a 
faint blue tinge round the outside of the capsule of the ganglion. The 
fluid is due to Czinzinsky, and has the following composition :—satu- 
rated aqueous methylene blue (50 c.c.), eosin (5 gm.), alcohol (70 c.c.), 
water (130 c.c.). It is not a good nuclear stain, but this failing can be 
remedied when necessary by using the following method:—Fix in 
corrosive, cut 3 sections in paraffin, stain on the coverglass with picro- 
carmine (4 to 1 hour), wash in 75°/, spirit for 4 hour, stain in methylene 
blue (4°/, in salt solution) for 30 seconds, wash for 1 to 2 minutes in 
absolute alcohol, clear in toluol, mount in balsam. This stains the 
nucleus a dark chocolate, nucleolus and particles a vivid green, connec- 
tive tissue reddish, and endonucleolus (when present) red. The capsule 
of the cell is clearly defined, but unfortunately the stain soon loses its 
first brilliance. 

The following Table shows for 17 experiments the treatment, size 
and density of nuclei, size and shrinkage of cells, amount of basophil 
particles and how far they showed the diffuse blue appearance (indicative 
of acidity). Nucleoli and vacuoles were carefully watched throughout, 
but they showed practically no changes. Where no remark is made, 
no appreciable difference is implied. 

The table shows that there are usually some small differences before 
and after stimulation, but that these are nearly all inconstant and 
generally reversible. In fact in many cases they are quite insufficient 
to enable even a practised observer to discriminate between the active 
and resting ganglia. 

The nucleus sometimes sstanaal slightly denser, 7.¢. less watery, but 
the difference was barely appreciable. It was not crinkled except in 
rare and isolated instances. The nucléus was often slightly less in 
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average diameter than in the control, but this change was irregular and 


sometimes reversed. 

The diameter of the cell body too came out frequently but not 
always less than the control. And I am inclined to suspect that there 
is not an actual shrinkage, but that the cell substance is more easily 
caused to shrink by histological treatment lacking in delicacy. Cer- 
tainly in ganglia HZ, M, N the cells are more shrunken from their 
capsules than in the control. 

As to the amount of basophil material, I cannot confirm Mann’s 
statement that it disappears as the result of activity. In two cases it 
was appreciably less in amount, but in two other cases it was increased 
in quantity in the stimulated ganglion, and in the remaining experi- 
ments the stimulated and control ganglia seemed equal in this respect. 

But a change which was appreciable in half the experiments and 
distinct in several was a slight but definite diffuse blue staining of the 
cell substance with methylene blue, giving somewhat the impression 
that the blue particles had entered slightly into solution, and had 
become less rigidly peripheral in their distribution. So that the 
ground-substance of the cell appeared faint blue all over with blne 
spots, instead of being colourless with blue spots (Fig. 1, Pl. IL.). 
Evidence will be shown later for considering this to indicate the pro- 
duction of acid, and it is interesting to find it occurring in active and 
dying nerve cells in analogy with the acidity of active or dying muscle 
cells. However, in the presence of a normal blood stream to the 
ganglion this diffuse blue change is absent or slight, but it is far more 
marked where the ganglion has been exposed to the air or deprived of 
blood supply, and still more when the ganglion has been stimulated 
directly in the absence of blood supply (Fig. 2, Pl. IT.). 

The experiments require some individual mention :— 


Rabbit W was a young one (3 months) in the hope that it might show 
changes more readily. 

Rabbit G is not incladed in the Table, as in consequence of the 
accidental stretching of the nerve, one side and then the other was stimu- 
lated for 3 hours. Its ganglia showed no change. 

In B and C the efficacy of the stimulus was doubtful at times owing to 
the ear acquiring a tonic constriction. 

_ Experiments X and M were of 11 and 12 hours’ duration; and were 
interesting as showing that the neuro-muscular vaso-constrictor apparatus 
was quite capable of vigorous and continuous action during these periods. 
It was necessary gradually to increase the strength of the stimulus by 
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moving the coils from 12 cm. to 4 or 5 om. These two experiments also 
showed that it was hardly possible to exhaust the ganglion, and therefore 
the next experiments were as follows. | 

The ganglion on each side was very gently separated from all connections 
except the incoming and two outgoing nerves, and any visible vessel in the 
cervical sympathetic nerve was gently cut. So that the ganglion must have 
had little or no blood supply. — 

In WV there was (from the 30th to 120th minute) an extraordinary 
well-marked rhythmical contraction and relaxation of the ear artery, which 
could infallibly be inaugurated by stimulation after a short rest. This 
passed off, and stimulation was very successful for 6 hours, but it then 
became ineffective. 

In P the ganglion after 1 hour required a rest every 2 minutes, and 
failed all together after 2 hours. @Q showed after 15 minutes the same 
inability to maintain a constriction for more than 2 minutes without a rest. 
These ganglia therefore appeared to be exhausted. 

In experiments R and S a considerable stimulus was passed straight 
through the ganglion without any blood-supply, the control ganglion being 
placed similarly in dummy electrodes. In & the diffuse blue change was 
very well marked, but in S the control cells were the more diffuse of the 
two. 

So pronounced was the diffuse blue in 2 that the cells had probably died, 
and these cells are figured (Pl. II, Fig. 2) to show this change as clearly as 
possible, and they must not be taken to indicate the extent of diffuseness 
producible by simple stimulation. (This is shown Fig. 1, Pl. Il.) & and S 
show that nerve cells will not stand such treatment without appearing very 
unhealthy, and yet this treatment is mild and short compared with Hodge’s 
experiment of watching teased nerve cells for days in a stream of salt 
solution. 

Experiment 7’ was prompted partly by the hope that a ganglion might 
become more completely fatigued by stimulating first in the warm and then 
in the cold, partly also to test the irritability of mammalian nerve cells 
through a range of temperature. 

The ganglion was exposed and a fine U tube of thin glass was held in 
contact with it, the wound closed and the nerve stimulated 5 cm. lower in 
the neck. Water of the desired temperature was ther circulated in the 
tube. Since this is but a single experiment, I will give the minimal 
effective stimuli under three conditions only :-— 

At 12°C. (carotid clamped). No irritability with secondary coil at 6 cm. 

At 12°C. (carotid unclamped). Irritability good ,, % ” 9 cm. 

At 40° 0. Irritability good ,, 13 cm. 

The ganglion of course never acquired the temperature of the circulating 
23—2 
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water, but was merely heated or cooled by it: but it is interesting to notice 
a far greater dependence upon temperature than in the case of nerve-fibres, 
a fairly strong indication of metabolism in the nerve cell. 

Stimulation was continued for 34 hours, and the temperature of the 
water gradually increased to 56°C. The irritability of the cells seemed 
permanently destroyed. 

Microscopic examination showed that the basophil material was diffused 
all over the cell, especially in the outer cells. A striking feature was the 
enormous aggregation of leucocytes inside the blood vessels of the warmed 
and stimulated side. 


Post-mortem production of the diffuse blue appearance. 


In a freshly killed rabbit, one ganglion of the lateral chain was 
excised and fixed, and a ligature attached to the nerve of its fellow. 
The abdomen was then closed and the rabbit put aside for two days in 
cool winter weather. The nerve cells fixed two days after death 
showed no appreciable change (beyond a slight vacuolation) except in a 
few superficial cells which showed the diffuse blue change in an 
exaggerated degree. Thus indicating that (in the cold at all events) 
exposure to the air is necessary to the post mortem occurrence of this 


change. 
Effect on the ganglion of previous section of its nerve. 


The material for these observations I owe to Mr Tuckett, who for 
another purpose cut the sympathetic nerve (and vagus) on one side, 
and allowed the animal to live for 5, 6, 7 and 21 days longer. The 
following appearances were presented by these ganglia :— 

5 days after nerve section—The cells were distinctly smaller, the 
basophil particles slightly more diffuse. 

6 days after nerve section—The basophil particles were coarser but 
possibly less in amount. 

7 days—The cells were slightly smaller, the basophil particles were — 
distinctly paler and more diffusely distributed. 

21 days—The basophil particles were very slightly more plentiful 
and less diffusely distributed. 

No change was observed in the nucleoli of these ganglia. The 
nuclei in one case (21 days) showed 3°/, increase in size. In the other 
cases they appeared equal, and in the one case measured (6 days) 
equality was found. The cell bodies were found to be equal in size in 
the 6 day ganglion (measured), and in the 21 day ganglion (estimated). 
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These four experiments are too few to make out exactly the 
interpretation of the changes observed, or to serve as a basis for the 
generalisation that up to seven days the ganglia are exposed to the 
irritation of the degenerating nerve fibres, and that this irritation has 
ceased before 21 days. 

But the experiments are useful for the purposes of this paper in 
showing that whereas these ganglia might be expected to show changes 
antithetic to those described as fatigue changes by other observers, they 
do not show any constant or striking changes. In particular, they do 
not show any peculiar storing up of the basophil material, which might 
be expected upon Mann’s view that this substance is used up in 
activity. For it is probably (though not certainly) safe to regard these 
ganglion cells as having enjoyed a long holiday. 


Appearance of nerve-cells of frogs after strychnia. 


In these experiments winter frogs kept in a warm room were 
poisoned with 5—10 drops of Liq. Strych. B.P. given through the 
mouth, 

The usual reflex convulsions ensued in about five minutes, and 
gradually became more and more feeble, and ceased sometimes in 
half-an-hour, sometimes after several hours. The brain was destroyed 
first because the few earlier experiments seemed to show that this 
operation produced no complications. 

The spinal cord and posterior root ganglion were excised and 
treated by my usual method. Controls were used at first, but it was 
soon found that similar frogs possessed very dissimilar nerve cells 
(specially in respect of the basophil material); and since it was hardly 
possible to obtain a control cord or ganglion from the same frog before 
it was strychninised, I was forced reluctantly to dispense with a control. 

In 9 experiments, strychnia alone was given. 

In 7 experiments, curari was given before the strychnia, so as to 
avoid the production of acid by the muscles and the risk of the blood 
being thereby rendered acid. 

In 2 experiments the temperature of the frog was also raised to 
20 and 27°C. | 

The nuclei and vacuoles were carefully observed and tabulated, but 
as they showed no change with any approach to constancy they have 
been omitted from the Table. The nucleus was practically never 
shrunken. In fact the Table is introduced merely to show the great 
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variability in the basophil particles, and because it shows that the 
association between the acidity of the cord and the diffuse blue staining 
of the motor cells is only general and is liable to exception (59, 69, 53). 

The heart was not allowed to beat right up to the end of the 
experiment in most instances, so that the cells might have no chance of 
recuperation or of neutralising their acidity in the blood stream. Also 
the respiration through the skin was supplemented towards the end by 
pulling out the lungs through an abdominal incision and inflating them 
with air. When this was done and the frog was placed under a bell jar 
on & moist sponge, the heart would continue beating for 10 hours or 
more, Sometimes it was necessary to tap the heart repeatedly to make 
it beat. 

The advantages of this strychnia method of obtaining exhausted 
nerve cells are that the results are independent of the observer's 
personal skill and that the stimulus affects every motor cell. It is 
probable that the discharge of nervous energy continues till the cells 
themselves are completely run down; for it was found that after no 
more reflex contractions could be obtained from the frog, the muscles 
would still react readily to stimulation through the nerve trunk. 

In testing the reaction of the brain or cord, the whole central 
nervous system was cut out within its bony case. This was wiped 
clean, and then the portion of brain was rapidly excised and stirred 
quickly on blue litmus paper. That the acidity was not due to CO, 
was shown by excising the heart of a decapitated frog, and then 
leaving it for 10 minutes. The cord did not appear acid in spite of the 
venous condition of its blood. Halliburton has stated that the 
reaction of a dog’s brain is neutral, becoming acid on exposure espe- 
cially in the warm. 

On the evidence of these experiments I would maintain that the 
motor cells of the frog’s cord may display very violent activity for 
a considerable time, and arrive at a condition of probable exhaustion 
without necessarily manifesting any considerable diminution of their 
basophil material, or shrivelling of the nucleus, or any notable change 
except the diffuse blue staining which has been seen to be generally 
associated with the ability of the cord to redden litmus. This diffuse 
blue appearance is quite similar to that described and figured for 
sympathetic cells. 

The posterior root ganglion cells seem to differ from the motor cells 
which have just been described. 

The observations on the nuclei, vacuoles, basophil particles, diffuse 
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blue appearance and acidity to litmus of the same 17 frogs were tabu- 


lated. But it is not necessary to reproduce the table because no 


constant change was detected, though there was the usual variability. 
There was however the curious fact that these cells never showed 
the diffuse blue appearance, and at the same time never appeared acid 


to litmus paper. They are capable of showing the diffuse blue 


appearance, for this change was pronounced in one experiment where 
the frog was warmed to 27°C. for 2 hours and its heart stopped. 
The posterior root cells may of course have undergone small visible 
changes, but owing to the impossibility of using an accurate control, it 
is only possible to assert the absence of any considerable change. 
Thus although the basophil substance was often very scarce, it was 
never absent and was often very plentiful—so that no conclusion can 


be drawn, except perhaps that it is not largely consumed during activity. 


CONCLUSIONS. 


The basophil material, shown by Nissl, Rosin and others to be 
present in nerve cells, does not develope at the same rate in different 
classes of nerve cells. Thus in a rabbit’s footus 2} inches long, it is 
present in the cells of the ganglion trunci vagi as discrete particles, 
though it is almost absent in the smaller cells of the spinal cord, 
posterior root ganglia, and sympathetic ganglia, and is present in the 
larger cells only as a faint diffusely staining substance. ’ 

The basophil particles are not precipitated by the fixing reagent, 
and they have probably a somewhat fluid nature, for it has been shown 
by Dogiel that in the fresh cell the fine particles run together into 
clumps. 

When tissues are fixed in corrosive sublimate or alcohol and stained 
with methylene blue and eosin, no substance staining like the basophil 
particles of nerve cells is found in cardiac muscle, unstriated muscle 
or striated muscle, tendon, medullated or non-medullated nerves, 
pituitary body, thyroid, suprarenal, kidney, pancreas, or ovary. Some 
similarly staining granules may be found in the liver-cells, and the 
blue is also taken up by mucous cells, gastric chief cells, and by 
cartilage. In the nerve cells of the worm there is a similar basophil 
substance. 


The basophil material appears to be soluble in very weak acids and 
alkalis, but not in weak salt solutions. When a ganglion is placed for 
a short time in weakly acid salt solution before being hardened, the 
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basophil substance becomes diffuse, and the whole cell-substance takes 
a blue tint (PL IL Fig. 35): if it is left longer in the solution, the 
blue stain disappears. 

A diffuse blue stain of similar appearance (PI. II., compare Fig. 2 c,d 
with Fig. 3d) may be produced in the cell substance, (a) by direct 
stimulation of the superior cervical ganglion, (b) by stimulating the 
cervical sympathetic when the ganglion is more or less deprived of its 
blood supply. 

Further, a diffuse blue stain of similar appearance may be induced 
in the motor cells of the spinal cord of the frog by giving strychnia with 
certain precautions. In this case the brain and spinal cord give (as 
a rule) an acid reaction to litmus paper. The cells of the posterior 
root ganglion do not stain diffusely blue after strychnia, and do not 
give an acid reaction to litmus paper. 

I conclude then that when part of the basophil substance is present 
as a diffusely staining material, it is in consequence of the presence 
of acid (acting probably as a solvent). 

_ Unlike previous observers, I find that rest and activity cause very | 
little difference in the histological appearance of sympathetic nerve 
cells. I do not find that any appreciable variation occurs in the 
amount of basophil substance present in the cells of the superior 
cervical ganglion during the comparative rest caused by section of 
the cervical sympathetic (5 to 21 days). 

Protracted hunger in rat or frog causes no appreciable diminution 
in the basophil substance. Nor has stimulation of the cervical sym- 
pathetic for a time varying from 1 to 12 hours any certain effect upon 
the amount present. In the longest, as well as in the shortest, of these 
experiments there was ample evidence that nervous impulses passed 
through the ganglion cells. If, then, activity caused any considerable 
decrease in the amount of basophil substance, the decrease must have 
been obvious. It may be said that my result is negative and that it 
is therefore less trustworthy than earlier positive ones. So far however 
as the argument from positive and negative results has any value, it 
seems to me to show that a change does not occur, for whilst it is quite 
possible to leave unstained substance which is present in the cell, it 
is impossible to stain substance which does not exist. 

Of the other changes which have been described as occurring in 
activity or fatigue of sympathetic cells, the shrinking of the cell and 
nucleus may probably be ascribed to the reagent or method of treatment. 
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It may be that prolonged activity makes the nucleus and the cell more 
liable to shrink under the action of reagents. 

After the activity induced by strychnia (with or without curari) 
in the cells of the spinal cord or posterior root ganglion of the frog, 
I found the nucleus invariably retained its smooth contour. After 


prolonged electrical stimulation of the cervical sympathetic nerve, the 


nuclei of the nerve cells were always smooth in outline. 

The only change which I have been able to detect in the nerve cell 
as the result of protracted activity is the occurrence of a slight diffuse 
blue stain in the cell substance (Plate Il. Fig. 1). This I attribute 
to a formation of acid by the cell and a consequent slight solution and 
diffusion of the basophil material. Though slight the change is almost 
always sufficiently pronounced to enable one with practice to distinguish 
a stimulated ganglion from its control. ae 

The conclusions drawn here with regard to sympathetic nerve cells 
do not necessarily apply to other nerve cells; for in the sympathetic 
nervous system, nervous impulses alone do not seem to be capable of 


producing fatigue. | 

In conclusion, I must express my gratitude to Prof. Foster and Prof. 
Birch for the use of their laboratories and for their kindness and help. 
But more especially to Dr Langley, at whose suggestion the subject 
was originally attacked, and, whose advice has been of the greatest 
value throughout. Also to Mr Tuckett for material from some of his 
animals and for other help. 
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PLATE II. 


(The treatment has been in every case—corrosive, paraffin, methylene 
blue and eosin for 24 hours, absolute, balsam.) 

1a. Normal cell of upper cervical ganglion of rabbit D. 

16. Cell of rabbit D stimulated continuously for 9 hours. Stained on 
same coverglass asa. Shows the diffuse blue change slightly but distinctly. 
The two cells are typical, not extreme, cases. 

2 a,b. Two typical cells of rabbit R from the control ganglion, i.e. the 
ganglion had been dissected away from its blood supply and then left for two 
hours closed up in the wound. There happens to be more than the typical 
amount of peripheral vacuolation. 

2¢,d. Two cells from rabbit 2, which had undergone two hours’ direct 
stimulation of the ganglion inside shielded electrodes. The diffuse blue 
change, indicating the production of acid, is very marked (contrast with 
2 a, 6), but it is probably partly due to exposure to air as it lay in the 
electrodes, d is a surface cell and probably shows signs of slight evaporation. 

3a,6. Sympathetic ganglion cells of cat. (a) control; (b) shows same 
diffuse blue change produced by immersing the ganglion in very faintly acid 
saline b fore fixation. (Slight shrinkage in preparation.) 
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ON THE CAUSE OF THE RISE OF BLOOD-PRESSURE 
PRODUCED BY DIGITALIS. By T. LAUDER BRUN- 
TON, MD., F.R.S., anp F. W. TUNNICLIFFE, M.D., M_R.C.P. 
(Five Figures in Text). 


SPEAKING generally two views are held with regard to the method in 
which the marked rise of arterial tension, which follows the administra- 
tion of digitalis, comes about. Some pharmacologists regard this as 
due entirely to the alteration in the activity of the heart, others hold 
that there occurs coincidently with this alteration in cardiac activity, a 
contraction of the arterioles, and that this latter phenomenon plays an 
important réle in the rise of arterial tension. 

The first of these views has received most of its support from 
German pharmacologists, and especially from Prof. Schmiedeberg, 
who speaking of the action of digitalis in the last edition of his 
Arzneimittellehre' states that if it exerts any contracting influence on 
the arterioles at all, this can only be of a transient nature. As we 
wish to examine this subject thoroughly before giving our own method 
of attacking the problem and its results, we think it will be profitable 
to summarily review the researches. bearing upon this question. 

Blake’, working at the suggestion of Sharpey with the hemody- 
namometer, found that the injection of an infusion made from i, «.e. 
four grammes of the leaves, into the jugular vein of a dog caused the 
pressure in the femoral artery to rise from 5—8 inches. The intro- 
duction of larger quantities, into the carotid artery in a direction 
away from the heart produced a rise of blood-pressure of from 9—7 
inches and this before the heart’s action was affected. This latter was 
however in all probability not a pure result. Blake further noticed 
that after digitalis had been given the arterial pressure fell very slowly 
after the cessation of the cardiac beats, it in one case remaining 
24 inches above the abscissa one minute after the stoppage of the 
heart. Traube’, in his later works‘, was fully aware that digitalis — 


1 Leipzig, 1895, p. 170. 2 Edinburgh Med. Journal, ut. 830, 1839. 
3 Gesammelte Beitriige, Band 1. 259. * Berlin. klin. Woch, m. 869, 1870. 


\ 
\ 
& ‘ 
ft 
+ 
+ 


DIGITALIS AND BLOOD-PRESSURE. 855 


produced an effect on the vessels, and observed that in cases where 
digitalis had been given in large doses, despite frequent and irregular 
cardiac action the arterial tension kept high, a considerable fall of 
pressure only taking place immediately before death. Lenz’ showed 
clearly that there was another factor than increased cardiac activity in 
the production of the rise of arterial tension which follows the injection 
of digitalis. According to this observer (Exp. XIV.) coincidently with 
the rise of blood-pressure, the pulse remaining constant, a marked 
diminution in the velocity of the blood stream took place, as follows : 


Pulse Rate  Blood-pressure Velocity 
Normal 122 102 114 
Digitalis 123 130 25 


This result can only be explained on the assumption that contrac- 
tion of the vessels had taken place. Von Bezold* compared the rate 
of fall of arterial tension after division of the spinal cord, under normal 
conditions and under digitalis. He found that under digitalis the rate 
of fall was little more than half that occurring under normal conditions. 
This diminution in the rate of fall of arterial tension is to be explained 
by contraction of the arterioles having occurred under digitalis, and 
thus an increased resistance having been offered to the emptying of the 
arterial system. With regard to Boehm’s?* paper we do not think that 
his conclusions are justified by his results. His observations on the 
effect of digitalis after division of the spinal cord we have not been able 
to confirm. 

In 1868 some experiments were made by one of us (Brunton) in 
conjuaction with A. B. Meyer‘, These experiments showed that the 
descent of blood-pressure during the cardiac diastole became more 
gradual after the administration of digitalis than before, Since the 
blood in the aortic system is entirely cut off from the heart during the 
cardiac diastole by the closed aortic valves, the rate at which the blood- 
pressure falls during each diastole depends solely upon the conditions 
obtaining in the aorta and its branches and has nothing whatever to do 
with the heart. Hence the detailed examination of this part of the 


1 Exp. de ratione inter pulsns frequentiam sang. pressionem lateratem et sang. fluentis 
celeritatem obtinenti, Dorpat. 1853. 
2 Ueber die Innervation des Herzens. Abtheilung, 1. p. 205. 1863. 
8 Pfliiger’s Archiv, v. p. 158. 1872. 
4 Journ. of Anat. and Phys., v1. p. 184, 
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pulse wave furnishes us with a means of studying the action of digitalis 
upon the vessels quite apart from its action on the heart. 

The factors which determine the rapidity of descent of the blood- 
pressure and consequently of the kymographic curve during diastole 
are, (1) the initial pressure in the aorta at the beginning of diastole, 
(2) the relative patency of the arterioles through which the blood 
escapes from the arteries into the veins. If the initial pressure be 
constant the fall of blood-pressure will be more or less rapid, and the 
descent of the kymographic curve more or less abrupt, according to 
the patency of the arterioles. If they are dilated the blood will flow 
quickly through them, the blood-pressure will fall rapidly, and the 
descent of the kymographic curve will be sharp, but if the arterioles be 
contracted the flow of blood through them will be slow, the fall of 
blood-pressure will be gradual and the descending limb of the kymo- 
graphic curve will be obtuse. If on the other hand the arterioles 
remain constant and the initial pressure varies, it will be found that a 
high initial pressure will cause a more rapid flow and thus produce 
changes in the kymographic curve resembling those produced by dilated 
arteries under constant initial pressure, whilst diminished initial pressure 
with constant arterioles will have upon the kymographic curve a 
similar effect to contracted arterioles with constant initial pressure. 
Under the influence of digitalis the initial pressure is raised, and yet 
the blood-pressure during the cardiac diastole, instead of falling more 
quickly as it ought to do, if the arterioles remained unchanged, falls 
more slowly, and the descending limb of the kymographic becomes more 
obtuse. This difference in the rate of fall of the descending limb of 
the pulse curve under digitalis, is seen in the curve which is reproduced 
below (Fig. 1). In this curve I shows the normal pulse, II the beginning 
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of the action of digitalis, the pressure being slightly raised, and the 
diastolic descent less sudden. III, the more pronounced action of digitalis, 
the pressure being further increased, the pulse slowed, and the diastolic 
descent still more gradual. 

Girzt’ raises the objection that such a diminution in the acuteness 
of the descent of pressure during diastole would occur under any con- 
dition which causes a rise of blood-pressure, such as that which succeeds 
stimulation of the vagus: such is not the case. The argument does not 
rest at all upon the depth to which the diastolic limb of the pulse wave 
descends, but upon the rapidity of its descent; the apex of the normal 
pulse forming an acute angle, while that of the digitalis pulse forms 
a less acute one. Further upon examining the above curve it will be 
seen that this peculiar form of the pulse under the influence of digitalis 
does not occur only during a rise of pressure but remains the same — 
during a respiratory fall of blood-pressure. 

Williams? showed that in the frog a rise of blood-pressure equal to 
that caused by digitalis could be produced by applying the drug to the 
frog’s heart connected with a system of glass tubes to represent the 
arteries. He thus proved that the increased action of the heart in the 
frog under digitalis was sufficient in amount to explain the rise of 
blood-pressure following the administration of this drug, without any 
coincident contraction of the arterioles. This we do not doubt, but his 
further remarks on the action of the drug in mammals require considera- 
tion. To the theory that the arterioles in mammals are contracted by digi- 
talis Williams objects that if narrowing of the vessels took place to any 
considerable extent the pulse volume in the carotid could not undergo 
an increase. The contraction produced by digitalis is, by all those who 
hold that it takes place, located in the arterioles, where the unstriped 
muscular tissue is, relatively to the mass of the arterial wall, much greater 
than in the large arteries. Contraction of the arterioles would not per 
se appreciably affect the occurrence of an increase in amplitude of the 
carotid pulse. In migraine increased pulsation in the carotid has been 
observed coincidently with contraction of its peripheral branches. 
Williams further states that the changes following digitalis are the 
same in the circulatory system of his frog’s heart apparatus, the tubes 
representing the arteries of which are incapable of contraction, as in the 
dog. As a proof of this statement he draws attention to the two curves 
which are reproduced below (Fig. 2), the one (upper) representing the 
1 Dissert. Dorpat, 1878. 

2 Arch. fiir exp. Path, u. Pharm., x1. p. 1. 1881. 
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effects of digitalis upon the circulatory system of the dog, the other 
(lower) those of helleborin on an artificial circulatory apparatus consisting 
of the frog’s heart and a system of rigid tubes. We cannot regard the 
changes in these two cases as identical. In the case of the frog’s circu- 
latory apparatus the increase in blood-pressure is coincident with the 


Fre, 2. 


increase in cardiac activity, 1.e. with the amount of fluid expelled by the 
heart in a given time interval. In the dog this is not the case. 

In division 6 of the upper of the two tracings which is marked 
“beginnende Digitalinwirkung” the cardiac activity is not increased, 
but a considerable rise of blood-pressure has taken place. It can also be 
shown (Fig. 3) that in the late stages of digitalis poisoning when the 
cardiac activity has become markedly reduced, a high arterial tension is 
still maintained. The tracing reproduced in Fig. 3 shows the effect of 
the introduction into the femoral vein of a cat of a gradually increasing 
dose of the infusion of digitalis leaves (B.P). The blood-pressure was 
taken from the left carotid artery. At 2 a small dose, one drachm (4 c.c.), 
of the infusion was injected into the femoral vein. The recording 
cylinder was stopped until the action of the drug had made itself mani- 
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fest. The diminished frequency and increased volume of the cardiac 
pulsations are shown between a' and 2*, At a’ the recording cylinder 


Fre. 8, 


was again stopped and two fluid drachms more of the infusion were in- 
jected into the femoral vein. The heart, as is shown on the tracing 
between a* and a’, became feeble and rapid, but the blood-pressure 
rose, At a’, after stopping the recording cylinder, a further dose of 
digitalis was injected, with the result that the heart became irregular 
and the blood-pressure considerably lowered. We regard the mainten- 
ance of the increased pressure, between a* and a’ as due almost entirely 
to the contracted state of the arterioles, and the lowering of pressure 
which occurs after 2 as due to a condition of paralysis of the arterioles 
supervening upon an increased dose of the drug. The change in cardiac 
activity between 2* and a? and 2° and 2“, is not in itself sufficient to ex- 
plain the fall of blood-pressure occurring at 2’, after the further dose of 
digitalis, From the experiments on the general blood-pressure we pass 
to those (i) in which the arteries were directly observed and (ii) per- 
fusion experiments. | 
PH. XX. 24 
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Galan’ observed contraction in the vessels of the frog’s web under 
digitalis. Legroux* observed contraction of the vessels and lowering 
of the temperature of the rabbit’s ear under digitalis. Milner 
Fothergill* observed contraction of the vessels of the frog’s web. 
Ackerman‘ observed contraction of the mesenteric vessels of the rabbit 
after the administration of digitalis with the spinal cord intact and 
divided. Koppe*, Klug‘ and others have observed contraction of the 
vessels of the rabbit's ear. 

Donaldson and Stevens’ perfused the general circulatory system 
of curarized terrapins with a 0005°/, solution of digitaline in normal 
saline solution, and succeeded by this means in reducing the rate of 
outflow to half its normal value. Upon reperfusing with normal saline 
solution the rate of outflow returned to the normal. Ringer and 
Sainsbury’® using a ‘005 °/, solution of digitaline (Morson) for perfusion 
reduced the outflow from the venous canula from 98 c.c. to 12 c.c. per 
5 min. Upon cessation of the digitalis however the outflow did not 
return to the normal, Schafer® performed similar experiments on 
mammals with double the strength of digitaline and obtained the same 
result. Kobert™ perfused digitaline dissolved in defibrinated blood 
from the same animal in the strength of from 0002 to 0006 p.c. through 
excised organs (kidneys and liver), this reduced the outflow per unit of 
time from 17 to 69°/,. These results remained constant in decomposing 
organs and at low temperatures (below 15°C.) from which the author 
inferred that the drug acted upon the muscular rather than upon the 
nervous elements in the vascular wall. The objections that Prof. 
Schmiedeberg makes to these perfusion experiments are”, (i) That the 
proportion of poison in the perfused blood in these experiments greatly 
exceeded the amount requisite to produce a considerable rise of blood- 
pressure when introduced into the circulation of living animals. 
(ii) The phenomenon, +.e. contraction of the vessels was not constant, 
the opposite often occurring, especially in the kidney. (iii) That the 
contraction of the vessels occurred in excised organs which had begun 
to decompose. In this connection we would point out firstly that the 


1 Consid. physiologiques sur action de digitale. Théase, Paris, 1861. 


2 Gazette hebd., 1867, pp. 118 et seq. * Brit. Med, Journ., 1871, u. p. 27. 
* Naturforscher Versammlung, Rostock, 1871; also Rich. Volkmann’s klin. Vortriige 
Journ. Medicin, vol. 1. 389. ® Inaug. Dissert. Dorpat, 1874. 


® Archiv fiir Anat. u. Phys., Supplement, 1880, p. 470. 

7 This Journal, rv. p. 165. 1883, 

8 Med. and Chi. Soc. Trans., 1884, vol. txvr. ® Ibid. p. 84. 
© Archiv fiir exp. Path. u. Pharm., xx. p, 77. 1887. 

Areneimittellehre, 1895, p. 170. 
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_ proportion of digitaline used in the perfusion experiments does not 
exceed the amount which alone gives results with the excised frog’s heart, 
and is less than that used for this purpose by Boehm’ and Williams’, 
In the experiments of Donaldson and Stevens there can be no question 
of an excess of dose, since the effect was quickly made to disappear by 
perfusing saline solution and again to reappear upon circulating the 
digitalin solution. The proportion used by Ringer and Sainsbury 
was larger and their effects more persistent. Prof. Schmiedeberg’s 
second objection which refers only to Kobert’s experiments is that 
these effects occurred in organs undergoing decomposition. We do not 
see that this fact is any evidence against digitalis acting on the muscular 
structure in the walls of the arterioles, and this was the view taken by 
K obert’*. 
With regard to the question whether digitalis contracts the vessels 
of the kidney, we would first of all point out that this is entirely a 
different question from the one we are considering ; even supposing that 
strong evidence existed that digitalis exerted no contracting influence 
on the renal vessels this would by no means justify the generalization 
that it exerted no such influence on the other vessels. The original of 
Kobert and Thompsen’s* monograph which Schmiedeberg quotes 
as showing that digitalis dilates renal vessels has unfortunately not been 
accessible to us, nor has Goldenburg’s', in which the author states 
that digitalis contracts all the vessels of the body except those of the 
kidney. The oncographic results of Bradford* are however entirely in 
accordance with those of Kobert on the excised kidney. Bradford 
fourrd that a marked diminution in the volume of the kidney occurred 
under digitalis, and that this was remarkably persistent, lasting half-an- — 
hour, Kobert found that the constricting influence of the digitalined 
perfusion solution lasted in one case 38 min. From the above abstract of 
the observations of previous workers we are justified in saying that there 
is very strong evidence that digitalis exerts a contracting action on the 
arterioles. 


The method we have adopted to examine the action of digitalis on 


1 Loc. cit., p. 171. Boehm added from 1—6 drops of a 10°), solution of digitalin 
(Merk) to the supply reservoir of a Ludwig and Coats’ frog’s heart transfusion 
apparatus. He speaks of from 2—5 drops of a 5°/, solution injected under the skin as 
** mittlere Dosen ” for frogs (p. 160). 

* Loc. cit, Williams added “a few drops” of a 1°/, solution of digitalin to the 
reservoir of his frog’s heart apparatus. 

® Loe, cit. * Dissert. Dorpat, 1886. 5 Dissert. Dorpat, 1898. 

® This Journal, 1887, vim1. p. 128. 
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the vessels consists essentially in (i) inhibiting the heart for the same 
length of time under normal conditions and after the injection of 
digitalis, and (ii) comparing the rate and extent of the ensuing fall of 
blood-pressure in the carotid, in the two cases, It is obvious that if 
the heart is arrested in each case for the same time both the extent 
and the rate of the fall of the blood-pressure in the carotid will depend 
upon the initial pressure at the time of cardiac inhibition, and the 
relative contraction or dilatation of the peripheral vessels, through 
which the great arteries empty themselves into the veins. Any factor 
tending to increase the initial pressure or dilate the peripheral vessels 
will increase the amount of the fall in a given time, and vice versd. 
The two following curves are blood-pressure tracings from the left 
carotid of a medium-sized rabbit, Fig. 5 being taken consecutively to 
Fig. 4. In Fig. 4, at the point marked O on the bottom (electric signal) 
line of the figure, the left vagus was stimulated by an induction current, 
immediately afterwards the heart became inhibited and remained so 
for 32 seconds; during this time the blood-pressure in the carotid fell 
from 50 mm, to 13 mm. or 37 mm, 


Fie. 4. 


Fig. 5 shows the effect of a small dose, 02 grm, of digitalin* upon 
the fall of pressure consequent upon vagus stimulation. Upon com- 
paring this curve with the last, Fig. 4, it will be seen that the effect of 
this dose of digitalin, which was injected into the femoral vein, was to 
slow and increase the volume of the pulse, and to raise the pressure 
10mm. At O’ of the electric signal line the left vagus was again 
stimulated with the same strength of induction current, but, as will be 
seen, for alongertime. Asa result of this stimulation the heart became 


1 The digitalin used was that contained in Messrs Burroughs and Welcome’s tabloids. 
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inhibited for four seconds, At the time of cardiac inhibition the 
pressure in the carotid amounted to 58 mm., at the end of 33 seconds 


Fie. 5. 


of cardiac still-stand it stood at 32 mm. In other words, with an 
initial pressure 10 mm. higher than in the last experiment, the fall of 
pressure during a cardiac still-stand of an equal length of time amounted 
to 10 mm. less. This diminished rate of fall under increased pressure 
can, we think, only be explained by assuming that the dose of digitalin 
given, in addition to slowing and increasing the volume of the pulse, 
contracted the peripheral vessels. 

The experiments described above confirm von Bezold’s' observa- 
tions that after the administration of digitalis the arterial pressure 
upon division of the cord falls less rapidly than under normal conditions. 
They further confirm the results of Lenz’. They also, taken with the 
perfusion experiments, explain how with a rapid and irregular heart, a 
heart propelling less blood, but doing more work, on account of the 
raised pressure, than a normal heart, the high arterial tension is 
maintained. That the heart under the influence of digitalis is per se 
capable of producing a rise of blood-pressure was shown clearly by 
Williams’. We are not in this paper attempting to disprove this. 
Our contention simply is that digitalis, concomitantly with its cardiac 
tonic, exerts a vascular tonic action. Further that this vascular tonic 
action is not unimportant and transient but by increasing the resistance 
to the cardiac systole must be taken seriously into consideration in 
estimating the therapeutic advantages to be obtained from this drug, 
as well as the risks which may arise from its use in unsuitable 
conditions. 

1 Loe, cit. 
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‘A RAPID METHOD OF SEPARATING COLLOIDS FROM 


CRYSTALLOIDS IN SOLUTIONS CONTAINING 
BOTH. By ©. J. MARTIN, D.Sc. M.B., Demonstrator of 


Physiology in the University of Sydney. (Three Figures in 
Text.) 


(From the Physiological Laboratory of the University of Sydney.) 
Description of Apparatus. 


THE method consists in filtering under a pressure of 40—50 atmospheres, 
through a membrane of gelatin or gelatinous silicic acid: In order to do 
this the film niust be supported at frequent intervals. This is accom- 
plished by using the “candle” of a Pasteur-Chamberland filter as the 
scaffolding to hold the gelatin. 

The whole apparatus consists of :— 

(1) A steel gas-cylinder containing compressed air. 

(2) T junction, copper-pipe connection and pressure gauge. 

(3) A gun-metal filter case, tinned inside, 

(4) Pasteur filter, in the pores of which a membrane of got or 
silicic acid has been deposited. 

The T junction is screwed on to the gas-cylinder. To one limb of 
the T the gauge is attached and to the other the filter case. The 
general arrangement is seen in figure 1. The filter-holder is made from | 
a piece of brass tube screwed into a gun-metal casting at each end. 
Solder must be well “sweated” into the joints. The upper casting is 
turned up into a screw. The lower casting is of the shape shown in 
section in figure 2. The projecting platform‘ (F’) reaches to 7th of an 
inch from the outside of ‘the filter. Between the top of this platform 
and the flange on the filter a stout india-rubber washer is inserted. 
The washer must fit closely in its place, and also tightly encircle the 


1 This projecting platform is necessary because tie filters are not straight, nor 
are their flanges generally quite at right angles to their length. Without such a 


projection the ends of the candles may be brought against the side of the metal cylinder, 
and broken during the screwing up. 
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filter. The filter is pressed securely into position by a disk of metal (D) 
and five screws. A second washer of what engineers term insertion 


Fie, 1, 
(rubber with layers of flax-fibre in it) is interposed between (D) and the 


top of the filter. 
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Figure 3 shows the end of the same filter case adapted for filters 
which have been broken. Instead of the metal disk (D), a casting of 
the shape shown in section (D’) is used. The rubber washer is replaced 
by a large rubber ring, which embraces the filter tightly and completely 
occupies the space shown in the figure. When (D’) is screwed down, the 
ring is compressed and forms a tight joint capable of supporting a 
pressure of fifty atmospheres. 

This arrangement for using broken filters is most useful, not merely 
for reasons of economy, but also when one wants to filter very small 
quantities of liquid. 

Preparation of the filters. 

(a) To prepare a gelatin membrane, make a 10°/, solution of gelatin. 
Heat up the filter case containing a filter previously secured in position, 
and fill it with the hot gelatin solution. Attach the filter case to a 
cylinder of compressed air, and admit enough of the gas to produce a 
pressure of 10 atmospheres, as shown by the gauge. The hot gelatin 
solution filters through fairly rapidly at first. As, however, it cools 
down the stream becomes less and less. When it is nearly cold remove 
the filter case from the compressed air cylinder and detach the filter 
from the case. Wash off all the gelatin from the outside of the filter 
and it is ready for use. 

(8) To make a silicic acid membrane, prepare a solution of silicate 
of soda of such strength as to form a fairly stiff jelly when hydrochloric 
acid is added to it. Filter this solution through a filter under a pressure 
of five atmospheres. When the sodium silicate solution has been run- 
ning through for some minutes, detach the filter case and remove the 
candle. Wash the excess of sodium silicate from the outside and inside 
of the filter, and fill it (the filter) with 3°/, HCl. and immerse it in a 
bath of the same strength of acid for two days. The HCl diffuses into 
the pores and decomposes the sodium silicate, depositing a gelatinous 
precipitate of silicic acid. 


Results of experiments made with these filters. 


If fresh serum or white of egg diluted with an equal bulk of salt 
solution be placed outside the filter, the filtrate is clear, colourless and | 
absolutely free from proteid. The filtration occurs fairly rapidly 
and I have frequently obtained during the night 300—400 c.c. of filtrate 
from serum diluted with an equal bulk of salt solution. 

The filtration does not cease when the level of the liquid falls below 
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the top of the filter. The gelatin membrane in the pores of the filter, 
and the film of albumen on the outside, prevent gas coming through 
except by solution on one side of the film and evaporation on the other. 
This process occurs however very slowly and the pressure is able to dis- 
charge nearly the whole of the liquid. In an experiment to test how 
much of the liquid was wasted by being left behind in the filter case, I 
placed 46c.c. of a strong solution of egg-albumen in the filter and 
obtained 445 c.c. of filtrate. 

The following is a list of a few common substances which do not pass 
through the filter. 


Proteids Carbohydrates Colouring matters 
Egg-albumen Glycogen Heematin (acid) 
Serum-albumen Soluble starch Hematin (alkaline) 
Egg-globulin . (Amylo-dextrin) Serum pigment 
Serum-globulin Egg-white pigment 
Fibrinogen 
Caseinogen 
Nucleo-albumens 
Hemoglobin 


Alkali-albumen and acid-albumen pass through the filter to a very 
slight degree only. 

Caramel, biliverdin, and dextrines pass through partially. 

Proto-albumose, hetero-albumose, deutero-albumose, urochrome and 
crystalloids pass through the filter. 

Crystalloids pass.through the filter at the same rate as water. 
The solutions I made use of to determine this point contained dextrose 
or urea. With both substances the titrations before and after passing 
through the filter were precisely the same. The first 10c.c. were dis- 
carded and precautions taken to avoid concentration by evaporation. 
In three experiments I added a solution of dextrose of known strength 
to some blood serum which had stood for a few days in the laboratory 
and was quite free from sugar. This mixture was filtered and the 
dextrose estimated in the filtrate. In all cases the amount of dextrose — 
in the filtrate was (within my known error of estimation) the same as 
in the original liquid. 


To clean the filters. 


Silicic acid membranes are more trouble than those of gelatin. 
They must not be allowed to dry. After using a filter, I wash the out- - 
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side and inside with warm water and a brush, and then leave them to 
soak in distilled water. Before using again I pump distilled water 
through them by means of an hydraulic pump and drain off the excess 
of moisture. 

The gelatin films I generally make afresh before each experiment. 
The old membrane is removed by submitting the filter for an hour to 
the action of super-heated steam. This converts the gelatin into gelatin- 
peptones, which are then washed out of the pores by passing distilled 
water through under pressure. | 

Theoretical. 

Under pressure sugar passes through the filters at apparently the 
same rate as water. Sugar molecules, however, pass across a film 
of gelatin by diffusion at a very different rate to water molecules, for a 
sugar-solution separated from distilled water by a membrane of gelatin 
exerts an osmotic pressure, until by diffusion the concentration has 
become equal on both sides of the membrane. 

Thus under different conditions water and sugar pass through 


the same film either at one rate or at different rates. In other words, 


the film is found to be equally permeable to water and sugar under the 
circumstances in which it is placed in the pressure filter, whereas, if the 
candle be removed and placed in a bath of distilled water, this film 
is much more permeable to the water than to the sugar, and water will 
diffuse in more rapidly than sugar will diffuse out, and thus raise the 
level of the inner solution. 

The same facts were observed with animal membranes (¢.g. peri- 
cardium, bladder, ureter) by W. Schmidt’ and Hoppe-Seyler’. 
Schmidt experimented with a pressure of from 1—2 meters of water. 
When he took precautions to carefully dry the membrane before 
commencing to collect the filtrate, he found the same amount of salt in 
the filtrate as in the liquid on the other side of the membrane. 

Another observation made by Schmidt was that the rate of 
filtration of salt solutions through animal membranes varied with 
pressure and temperature in accordance with the results obtained 
by Poisseuille® forthe passage of salt solutions through fine capillary 
glass tubes. 

1 Pogg. Ann, 1856, 337. 


2 Virch. Arch. Bd. rx. See also Ludwig, Lehrbuch der Physiologic. Zweite Auflage, 
1861, Bd, 1. pp. 205—210. 


3 (i) Mém. prés. de VInst. math. et phys, rx. 1846, p. 433; (ii) Ann. de Mém. et de phys. 
Ser, 111, xxi. p. 76; (iii) Compt. rend, 1843, t. xv1. p. 60. 
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Both Schmidt and Hoppe-Seyler ‘found that solutions of 
colloidal ‘bodies such as gum and albumen, when filtered through 
animal membranes, behaved differently, and that the filtrates were 
less concentrated than the original solutions. 

With a gelatin or silicic acid membrane, arranged as I have 
described, albumens neither pass through by diffusion nor by filtration 
under pressure. 

In connection with this process of filtration there are two points 
requiring explanation : 

(1) Why the membrane is equally permeable to sugar and water 
under the conditions of the filtration. 

(2) Why it keeps back albumens etc. 

The fact that albumen fails to pass through the membrane would 
be explained if one were satisfied that the albumen were not in 
true solution. Hoppe-Seyler, in the paper mentioned, expressed 
this opinion, and Ostwald (“ Solutions,” Eng. translation, p. 152) says, 
speaking of colloids such as albumen, “ their solutions are mechanical 
mixtures rather than compounds,” from which I gather he means to 
infer, not true solutions. Such a view, however, is I think untenable. 
Graham’ showed that albumen possessed a small but definite 
diffusion constant. Nernst? has shown that diffusion is due to 
osmotic pressure, and the capacity to exert an osmotic pressure is surely 
a criterion of true solution. 

I have made a number of experiments to determine the osmotic 
pressures of albumen and hemoglobin in solution, by a method 
_ suggested to me by Starling and since published*®, Starling used a 
membrane of gelatin upon peritoneal membrane. I have for a variety 
of reasons found a membrane of silicic acid deposited in the 
interstices of a clay cell more convenient. With either arrangement 
the difficulty of contamination by small quantities of salts, traces 
of which might give an osmotic pressure greater than the albumen 
itself‘, is overcome. The salts can diffuse through the membrane and 
so soon cease to be a source of error. 

In my experiments I found dilute solutions of albumen and 
hemoglobin exerted a small but constant osmotic pressure, which 


1 Phil, Trans. 1861. 
2 Zeitschr. f. physikal Chem. 1. 1888, p. 613. 
_ § This Journal, xxx. p. 822, and Science Progress, April, 1896. 
* Dreser (Arch. f. exper. Path. Bd. xxrx. 1892) found that the lowering of freezing 
point noticed in solutions of albumen occurred to the same extent after boiling. 
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varied with temperature according to the gaseous law, 
{Pt=P,(1 + at)}. 

If the albumen is in true solution, the only reason I can suggest 
why it should be left on the outside of the membrane, is that its 
molecule is too large to pass through the spaces in the gelatin, through 
which filtration of solutions of sugar or salt occurs. 

Although exact data for the determination of the size of molecules 
in watery solution are at present wanting, we have some grounds for 
such an assumption. In the case of inorganic salts, the molecules 
of which in solution are in all probability of equal size, the specific 
gravity of the salt increases, in a number of cases at any rate, with 
the molecular weight. The molecular weight of hemoglobin is at 
least 16,669', and is probably some multiple of this quantity. The 
molecular weight of the proteids of serum must be something between 
20,000 and 30,000. In spite of this huge molecular weight, the 
specific gravity of these proteids is very little higher than that of 
water. This low specific gravity would seem to necessitate a consider- 
able extension of the constituent atoms of the molecule, 7.¢., a great 
size of the molecule itself, as compared with that of ordinary 
crystalloids. 

In default of further experimental evidence, we cannot regard the 
great size of proteid molecules as a definite fact. It must moreover be 
remembered that we can form a membrane (Traube’s and Pfeffer’s 
semi-permeable membrane) which, while allowing free passage of 
water, is impermeable to most dissolved salts, and we can use this 
property of the membrane in order to ascertain the osmotic pressure of 
the dissolved substances. In this case, considerable difficulties seem to 
lie in the way of explaining the non-passage of the salts by the size 
of their molecules, and we do not know whether the separation effected, 
when water is separated from salt solutions by filtering under pressure 
through these membranes, is due to a difference in the size of the salt- 
and water-molecules, or to some interaction between the membrane 
and the molecules of the salts. 

The colloid membranes of gelatin or silicic acid, which I have made 
use of, can be regarded as analogous to the membranes of Pfeffer. 
The colloid membranes, however, allow the free passage of crystalloids 
as well as of water, but are impermeable to other colloid molecules. 
Here, again, the non-passage of the colloids may be due to the size 


1 Hiifner. Du Bois, Arch, 1894, 130—176, 
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of the molecules of the latter, or to some interaction between the 
colloid membrane and the dissolved colloid molecules. Since, however, 
there is no interaction, however conditioned, between salt molecules 
and colloid membranes, salt solution can be filtered through such 
membrane with as great ease as pure water can be filtered through 
‘semi-permeable’ membranes. 

If, then, the colloid membrane may be looked upon as an indifferent 
filtering medium for water, or solutions of crystalloids in water, how is | 
it that, when a solution of sugar enclosed in such a membrane is 
immersed in a vessel of distilled water, water molecules pass in at 
a greater rate than the sugar passes out? The answer to this question 
presents no difficulty. The same result, though perhaps to a smaller 
degree, would occur if ordinary filtering paper or any porous medium 
offering a certain mechanical resistance to filtration, were used instead 
of the colloid membrane. Graham has shown that dissolved substances 
diffuse through a jelly of gelatin at the same rate as through pure 
water, i.¢., the number of molecules of gelatin forming the framework 
of the jelly is so small in proportion to the molecules of water 
contained in its meshes (if we may be permitted so to visualize the 
structure of the jelly), that they do not influence the rate of diffusion 
through the water. Thus, in the absence of any difference of pressure 
on the two sides of the membrane, the colloid membrane may be 
regarded as a rigid film of water, which allows diffusion to take place 
through it at, the same rate as through ordinary water, but serves 
to damp and destroy any mixing of the substances on the two sides by 
convection-currents. If, however, pressure of the salt or sugar solution 
on one side be raised, this is squeezed into the meshes of the membrane 
displacing the water and forcing it out on the other side. The 
solution in the meshes is, in its turn, forced out and displaced by fresh 
molecules of solution, and in this way filtration takes place. 

We may therefore use colloid membranes of gelatin or silicic 
acid for two purposes. 

1. As a porous diaphragm in water or salt solutions, in order 
to study the. phenomena of diffusion undisturbed by mixing caused by 
convection-currents. 

2. As a filter to separate colloids and especially proteids from 
crystalloids in solution. This latter property of these membranes is of 
extreme practical importance in the manipulations of physiological 
chemistry. I intend to deal with certain applications of the method, I 
have described, in a future paper. 
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THE INNERVATION OF THE PELVIC AND ADJOIN- 
ING VISCERA. By J. N. LANGLEY, 8c.D., F.RS., Fellow 
of Trinity College, anv H. K. ANDERSON, M.B., Caius College, 
Cambridge. (Plate III. Sixteen Figures in Text.) 


PART VII. ANATOMICAL OBSERVATIONS. 


In the course of our experiments upon the pelvic and adjoining viscera 
we have had occasion to make many dissections in the cat and rabbit of 
the lumbar and sacral sympathetic nerves, and of the lumbo-sacral 
plexus; we propose, therefore, to give a short account of such of these 
anatomical observations as supplement or differ from the published 
accounts of other authors. Im the dog our dissections have been few, 
but we shall note certain differences between the dog and cat. 


A. VISCERAL NERVEs. 

The inferior mesenteric ganglia and their branches in the cat. - 

The inferior mesenteric ganglia afford the best starting point for the 
dissection of the lumbar sympathetic nerves which supply the pelvic 
viscera, since they are at once conspicuous when the abdomen is opened 
and the colon drawn to one side. They are usually, as mentioned by 
Navrocki and Scabitschewsky’, four in number, two above and two 
below the inferior mesenteric artery, about half an inch distant from the 
aorta, and connected by strands, which with the ganglia complete a 
chain round the vessel. The amount of connection between them varies 
however, greatly, a single ganglion is often found in place of the two 
upper ganglia, and in one cat the four ganglia were fused into a 
continuous ring of nerve cells and fibres, through which the inferior mes- 
enteric artery passed; on the other hand the filaments connecting the 


upper and lower pairs of ganglia may be long and slender, and the ganglia 
of the two sides as much as half an inch apart. In many cases where 


1 Navrocki and Scabitschewsky. Archiv f. d. ges. Physiol. xuviu. p. 835. 1891. 
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apparently only two ganglia exist, a little dissection shows that there | 
are four, the two on either side being united in a common sheath. 

In nearly all cases four nerve strands run from the sympathetic 
chain on either side to these ganglia, and occasionally there is a fifth 
strand. They leave the sympathetic chain at different levels, which to 
some extent vary according as the arrangement of nerves is more or 
less posterior. There are slight variations, however, in individual cats, 
even although the form of plexus is the same, and the strands may arise 
differently on the two sides; occasionally there are four strands on one 
side and five on the other. We have not investigated these points in 
detail, but we give in Fig. 1, A, B, C, drawings of the arrangements of 
these strands found in three cats having posterior, median, and anterior 
forms of plexus respectively. 

It is not quite clear what names should be applied to these strands. 
They have been called thé rami efferentes of the ganglion, and the 
nervi mesenterici; neither of which terms seems to us to be appropriate. 
It would be best we think to call them—on account of their homology 
with the splanchnic nerves—the inferior splanchnic nerves, the four 
strands from above below being named a, 8, y, 5. But as this might at 
present cause some confusion, we shall use the term we have used 
earlier, and cal] them the spinal rami (of the inferior mesenteric 
ganglion). | 

The spinal rami, as we have said, vary in different cases, but it is 
advisable to describe their course in some one case, for the sake of draw- 
ing attention to them. We will take the case given in Fig.1, A. Here 
the uppermost spinal ramus (a) issued from the 4th lumbar ganglion, 
and joined the second ramus (9) as the latter (which arose from the 5th 
lumbar ganglion) passed round the ovarian artery; the ramus (a).was 
connected also with the renal plexus of the same side by means of 
a filament which joined a ganglion under the left renal vein’. The 
third ramus (y) issued from the sympathetic chain below the 5th 
lumbar ganglion, and the lowermost ramus (8) from the 6th lumbar 
ganglion. The three anterior rami entered the upper inferior mesen- 
teric ganglion, the last ramus alone passing to the lower ganglion. 

It may be mentioned that we have found a white ramus communi- 
cans from the 5th lumbar nerve with the postero-median and 
posterior forms of plexus only. Sometimes a ganglion in the sympa- 

1 This filament consists chiefly of fibres running to the renal plexus, but it is possible 


that it contains a few descending fibres running from the region of the 8rd ganglion 
through the renal plexus to the ovarian and even to the superior mesenteric ganglion. 


‘ 
‘ 
+ 
J 
| 
7 
t 
ad 
— = 


374 J. N. LANGLEY AND H. K. ANDERSON. 


found in cats having posterior (4), 
plexus respectively. 


median (B), and anterior (C) forms of lumbo-sacral 


ic 
Fie, 1. Arrangements of the spinal rami of the inferior mesenteric ganglia 
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thetic chain on the one side receives a single white ramus, and the 
corresponding ganglion of the opposite side two rami, but otherwise we 
have not found variation in the white rami of the two sides. 

On the uppermost ramus (a) at or near the point of junction with 
the second ramus (8) we have noticed very frequently in male and . 
female cats a small ganglion, which sends two or three filaments to 
the spermatic or ovarian vessels, and also connecting strands to the 
ascending branch and renal plexus of the same side, that to the former 
being larger when the ascending branch of that side is small. We 
propose to call this ganglion the spermatic resp. ovarian ganglion on 
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Fro. 2, Arrangement of the spinal rami of the inferior mesenteric lia, and 
ovarian nerves in a cat having a slightly postero-median form of plexus. | 


376 J. N. LANGLEY AND H. K. ANDERSON. 


account of its close connection with the spermatic resp. ovarian artery. 
It is true that a nerve strand proceeds from the ganglion to the renal 
plexus, but this may be taken into account when it has been shown 
that the ‘spermatic’ ganglion has functional relations with the renal 
artery. In seven dissections we have especially compared the arrange- 
ment of the spermatic resp. ovarian ganglia on the two sides; in two of 
these the ganglion was present on both sides (Fig. 2, Plate III.); in 
three the ganglion was present on the left side only (Fig. 2, in Text); 
in a sixth there was a large single ganglion connected with both the 
upper inferior mesenteric ganglia, and with the uppermost spinal ramus 
(a), (possibly also with the second ramus (f),) of either side; from this 
ganglion the ascending branches of both sides arose, and filaments 
passed from it to the right and left ovarian vessels; a minute ganglion 
was present at the point of junction of the two anterior rami (a and £8) 
on the left side; in the seventh dissection there was likewise a re- 
latively large ganglion, connected with the inferior mesenteric ganglion 
of the right side only, and from this two well marked ascending 
branches issued, also filaments which accompanied the right ovarian 
vessels; the two upper rami (a und 8) on the left were, however, 
unconnected with the larger ganglion, and at their junction there was a 
smaller group of nerve cells from which one filament passed to the left 
ovarian artery, and another to the ascending branch of that side; the 
ascending branch which arose from the upper inferior mesenteric 
ganglion on the left side was slender, and we have frequently noticed 
considerable inequality of size between the ascending branches of the 
two sides; in this dissection there was a minute ganglion on the lower- 
most ramus on the right side, from which a slender filament passed 
towards the aorta. 

In the cat two or three ovarian (resp. spermatic) nerves arise from 
the ascending branches on either side, though one of these nerves may 
arise from the renal plexus. A well marked strand passes also to the 
ovarian plexus from the upper inferior mesenteric ganglion. In the 
male the corresponding spermatic filament is less conspicuous. 

The ascending branches are usually two in number, one arising from 
each of the upper pair of ganglia; they pass anteriorly in the mesentery 
and join the renal plexus of either side and the superior mesenteric 
ganglia. Often the ascending branches join in the upper part of their 
course, and at the point of junction there is ac enlargement; this is to 
some extent caused by a plexiform arrangement of fibres and increase 
of connective tissue, but a small ganglion is also present. Occasionally 
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two or more small groups of nerve cells occur on each of the ascending 
branches in the upper part of their course. We shall describe later 
small ganglia in this position in the rabbit (Fig. 5). 

The lumbar colonic nerves arise from both upper and lower inferior 
mesenteric ganglia; they vary in number, but usually about six fila- 
ments arise from the upper, and four from the lower pair; they form 
a plexus round the inferior mesenteric artery, and the strands of the 
plexus are continued on the branches of the vessel towards the colon. 
The two or three uppermost filaments ascend to join branches from 
the superior mesenteric ganglia. Besides the lumbar colonic nerves 
three or four delicate filaments leave the ganglia and pass towards 
the aorta, and also the spermatic or ovarian filaments already men- 
tioned and occasionally filaments to the ureters (Fig. 2). 


The hypogastric nerves in the cat. 


In nearly all cases a single hypogastric nerve arises from each of the 
_ lower inferior mesenteric ganglia, but as we have already mentioned? 
a second and smaller filament occasionally arises from the ganglion 
beside the main trunk, which it then accompanies for some distance 
before passing dorsally to form the dorsal division of the hypogastric, 
the accessory hypogastric (Fig. 3); where, however, no obvious accessory 
nerve exists, the dorsal division of the trunk hypogastric may be easily 
separated from the rest of the nerve throughout its whole course. 
The main hypogastric nerve gives off ureteric branches only; these 
are commonly three ; one fine filament issues very close to the ganglion, 
or from the ganglion itself occasionally, a second (also a slender fila- 
ment)from the middle part of the nerve, and a third, by far the 
largest, from the hypogastric after it has passed under the ureter, 
and not long before it divides into its main strands (Figs. 3, 4). 

_ We have failed to find any spinal ramus joining the hypogastric 
trunk. below the inferior mesenteric ganglia, though we have traced 
fine filaments from the 7th lumbar and Ist sacral ganglia to the pelvic 
plexus. Thesé filaments are very slender, and are difficult to follow 
since they run a circuitous course among the pelvic blood vessels, and 
are surrounded by fat; also before entering the pelvic plexus they 
sometimes divide into bundles so delicate that they can only be traced 
with the assistance of a powerful lens. Other filaments pass from the 


1 This Journal, xvmi. p. 76, 1895. 
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6th and 7th lumbar ganglia to the aortic plexus, and from the con- 
tinuation of the latter upon the internal iliac artery Or its branches 
we have traced delicate strands to the pelvic plexus’. 


Fie. 8, Arrangement of the pelvic plexus in a male cat having — 
an accessory hypogastric nerve. 


Soon after the exit of the lowest ureteric branch the hypogastric 
sends a well marked ventral division towards the bladder; this may 
consist of one (Fig. 1, Part V1.)* or more branches (Fig. 4), and there 
are in male and female cats groups of nerve cells at the exit of 
these branches as well as ganglia on their course (Fig. 4, and 
Fig. 1, Part VI.). The terminal branches of the ventral division 
almost all enter the base of the bladder near the entrance of the 


1 This Journal, xrx. p. 102. 1896. 
2 Ibid; xrx. p. 874. 1896, 
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ureters, but some join vesical branches of the pelvic nerve, and one 
or two very slender bundles pass towards the urethra. We have in- 


Aypogadiric nerve — 
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Fie, 4. Arrangement of the pelvic plexus in a male cat, in which 
all the medullated fibres of the pelvic nerve were degenerated with the 
exception of 16. 
serted in Fig. 4 against the several branches, numbers which indicate 
‘the relative proportion of degenerated and sound medullated fibres 
in each. In this cat (Exp. 3, Part VI.)' all the fibres of the pelvic 


1 This Journal, x1x. p. 372. 1896. 
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nerve were degenerated with the exception of 16. As in the similar 
sketch in Part VL., the letter or figure placed first refers to the number 
of sound, that placed second to the number of degenerated fibres, 
the letters f, s,m, indicate the following numbers of fibres /, 1 to 10, 
8, 10 to 25, m, 25 and above, but we may repeat that we are unable 
to assume that the excess of sound medullated fibres over those present 
in the pelvic nerve is entirely composed of fibres issuing from the 
lumbar region of the cord, because we have not investigated the ques- 
tion whether some of them may not be medullated processes of cells 
in the pelvic plexus itself. 

The remaining portion of the hypogastric divides into a median 
and a dorsal division; the several branches of the latter have groups 
of nerve cells upon their course, and finally enter ganglia situated on 
branches of the pelvic nerve, but also contribute a varying number of 
filaments to the ganglionated plexus into which the median division 
enters. Though minor variations are frequent, Fig. 4, and Fig. 1, 
Part VI. represent common forms of arrangement in the male and 
female. Fig. 3 represents another form of plexus, being taken from 
a cat with an accessory hypogastric nerve ; in this figure more of the 
finer branches have been omitted than in the other’ similar figures. 

The median division of the hypogastric ends so differently in the 
two sexes as to demand a separate description in each. In the male 
the median filaments pass into several small ganglia situated near the 
junction of the vas deferens with the prostate, and along the first 
part of the former (Figs. 3, 4), but in the female (Fig. 1, Part VL), 
the main median strands enter two conspicuous groups of ganglia 
situated near the cervix uteri, and other median filaments pass into 
the ganglionated plexus which extends from these groups of ganglia 
along the vagina; this latter plexus is joined also by filaments from 
the posterior division of the hypogastric nerve, and is directly con- 
tinuous posteriorly with the vulval plexus into which filaments pass 
from the pelvic nerve; but these we shall describe later. 


The pelvic nerve in the cat. 

The arrangement of the branches of the pelvic nerve varies in 
individual cats so that no general description can be quite accurate. 
In Fig. 2, Pl. IIL we have drawn the anatomical surroundings of the 
pelvic plexus, and in Fig. 1, Part VL.‘and Fig. 4, representations of 
two common forms of plexus. In the cat from which Fig. 1, Part VI. 


J 
7 


PELVIC VISCERA. 


was taken, the pelvic nerve divided into two main divisions, each of which 
entered a conspicuous ganglion after a course of about two centimetres ; 
the ganglion on the posterior division, which we have called the Ist pelvic 
ganglion, was larger than that on the anterior division. The two 
ganglia were joined by a filament, which with the two divisions of 
the pelvic nerve bounded a triangular space; this was traversed by 
several fine connecting strands, on which there were small ganglia; 
_ the latter were joined by filaments from the dorsal division of the 
hypogastric nerve. 

From the anterior division three small bundles of fibres passed 
into+ branches of the dorsal division of the hypogastric (m.f, m,f, m.s, 
Fig. 1, Part VI), and they were traced by degeneration into the 
commencement of the hypogastric trunk ; no degenerated fibres however 
were found above the exit of the vesical branch of the hypogastric, 
though, as we have already mentioned? fibres presumably of sacral origin, 
may ascend in the hypogastric nerve. Two large (antero-median) strands 
also arose from the anterior division of the pelvic nerve, and at the 
exit of each there was a ganglion ; the more distal of these two ganglia 
has been already mentioned. 

From the Ist pelvic ganglion several branches issued, one, a 
branch of some size, passed towards the urethra along which it ran 
to join finally ganglia on the bladder; this urethro-vesical branch 
formed an additional antero-median strand. Four other conspicuous 
branches took a dorsal course after leaving the Ist pelvic ganglion, 
or adjoining portion of the posterior division of the pelvic nerve, and 
then ascended on the wall of the colon; these (posterior) strands 
formed the sacral colonic nerves, the most dorsal of which passed under 
the recto-coccygeus muscle. Lastly from the lst pelvic ganglion and 
early portion of one of the sacral colonic nerves several strands (postero- 
median) passed toward the vulva and rectum giving off numerous 
branches to both; on these strands small ganglia were present. Be- 
tween. the urethro-vesical and postero-median strands there was a 
delicate urethral plexus; some of the filaments composing it were 
derived from the urethro-vesical strand, but others (median strands) 
arose from the 1st pelvic ganglion. Other fine median strands joined 
the lower part of the vaginal plexus but were traced by degenera- 
tion through the dorsal portion of this to the vulval plexus (Fig. 1, 
Part VL). | 


.? This Journal, xvu. p. 182. 1894. 
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In the pelvic plexus of the male cat drawn in Fig. 4 the pelvic 
nerve divided into three main divisions, and the urethro-vesical strand 
arose from a ganglion on the middle division; otherwise the arrange- 
ment of strands was very similar to that in the female cat, except of 
course in the case of some of the median and postero-median strands. 
The anterior strands were traced by degeneration in two of the branches 
of the dorsal division of the hypogastric nerve (m.s, mf, Fig. 4), some 
of the fibres passing into a vesical branch (ms, Fig. 4). Some of 
the median strands of the pelvic nerve passed to the prostate, to 
which the postero-median strands also gave branches; the latter strands 
passed finally between the urethral bulb and the rectum, giving off 
many filaments to the latter, and to the external urogenital organs. 

We have traced in the cat a connection similar to that described by 
Nikolski in the dog' between the nervus dorsalis penis, or rather its 
urethral branch, and a postero-median strand of the pelvic nerve; and 
@ similar connection occurs with nervus dorsalis clitoridis. Numerous 
and obvious connections between the postero-median strands and pudic 
branches do not exist in the cat although they do in the rabbit. 


The inferior mesenteric ganglia and their branches in the rabbit. 


The nerves in the meso-colon of the rabbit appear on first 
observation to differ widely in their arrangement from the corre- 
sponding nerves in the cat, one obvious difference consisting in the 
presence of numerous fine filaments, which in various directions traverse 
the mesentery below the inferior mesenteric artery (Fig. 1, Pl. IIL). 

Above the inferior mesenteric artery and close to the aorta there is 
@ conspicuous ganglion, long and narrow, which has been called by 
Frankenhauser, Krause, and others the inferior mesenteric ganglion. 
This ganglion is joined by nerve bundles passing on either side, of the 
inferior mesenteric artery with a smaller ganglion a little below from 
which several strands, traversing the meso-colon, are given off. The 
largest of these strands has usually been called the hypogastric nerve, 
and considered to be a single unpaired nerve, It is, in fact, composed 
of two hypogastric nerves united into a common trunk, and two may 
be easily separated from one another. Similarly each of the two 
ganglia mentioned above is found to consist of a pair of ganglia bound 
together in a common sheath, and many of the apparently single 


1 Nikolski. Archiv f. (Anat. u.) Physiol, 1879. 
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strands in the mesentery are formed by the union of corresponding 
branches of one or other pair of ganglia; not infrequently the lower 
ganglia are obviously separate, and the upper ganglion is often bifid 
at its lower end; occasionally small groups of nerve ‘cells occur on the 
strands uniting the upper and lower pair of ganglia. Since the two 
pairs of ganglia in the rabbit correspond closely to the two pairs of 
inferior mesenteric ganglia in the cat both in the distribution of their 
branches and for the most part in the physiological effects produced by 
stimulation of each, we call them respectively the upper and lower 
inferior mesenteric ganglia. 

Krause’ mentions two ganglia in the male rabbit with regard to 
the identity of which we are in some doubt. He says that the 
hypogastric nerve arises from the hypogastric ganglion, probably then 
this ganglion is the combined lower inferior mesenteric ganglia, but it 
is possible that he applied the term to a group of nerve cells noticed 
by Frankenhauser? on the ‘main aortic strand’ just above its point 
of division, 7.¢. to a group of cells on the united hypogastric nerves 
close to the point where they separate. 

He* describes an accessory inferior mesenteric ganglion. His 
description seems most appropriate to the ganglion we shall call 
spermatic resp. ovarian, but no drawing is given of this ganglion by 
Krause, or by Frankenhauser, though the latter had apparently 
noticed its presence, and describes filaments passing from it to the 
‘spermatic’ plexus* in the female. 

The branches of the inferior mesenteric ganglia are drawn in Fig. 1, 
Pl. IIL., also in Fig. 5 (p. 384); in the latter figure the right and left 
sympathetic cords have been pulled to one side so as to render the figure 
less complicated. In the rabbit from which Fig. 1, Pl. ITIL was drawn the 
arrangement of nerves was median, and in this case the anterior ramus 
(a) arose from the 4th lumbar ganglion, the second (8) from the 5th 
lumbar, and the third (y) from the 5th and 6th ganglia: the spinal 
ramus a was soon after its origin connected by a small bundle of fibres 
with a ganglion on the renal plexus, and with the superior mesenteric 
ganglion ; later it was joined by a filament to the anterior end of the 
upper inferior mesenteric ganglion, and then passed under the spermatic 
artery—at this point there was a ganglion on its course, and from the 


1 Anatomie des Kaninchens. u. Aufi. 8. 855. Leipzig. 1884. 

2 Frankenhiuser. Jenaische Zeitsch. f. Medicin u. Naturw. u. 8. 73. 1866. 
* Krause. Anat. des Kaninchens. u. Aufi. 8. 355. Leipzig. 1884. 

* loc. cit. 8. 73. 
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ramus near this ganglion a filament passed to the spermatic artery : 
this ganglion we have called spermatic resp. ovarian as in the cat: the 
ganglion, which was joined to both upper and lower mesenteric 
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Fro. 5. Arrangement of the spinal rami.of the inferior mesenteric ganglia 
and ovarian nerves in a rabbit having an anterior form of plexus. 
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ganglia in this case, appeared to be slung from these ganglia by a loop; 
this is the mode of connection ascribed by Krause to the ‘ganglion 
mesentericum inferius accessorium.’ The second and third rami passed 
into the lower inferior mesenteric ganglion, but from the third spinal 
ramus @ filament passed to the aorta, and at the point of exit there 
was a small collection of nerve cells. 

In the rabbit from which Fig. 5 was taken the arrangement of 
nerves was anterior, the lumbo-sacral plexus being that drawn in 
Fig. 14; no extra rib-bearing vertebra was present. In this case the 
ovarian guegis were placed above the ovarian arteries. 

In the rabbit we have found a white ramus from the 5th lumbar 
nerve in the median and more posterior forms of plexus, but have 
never seen a white ramus from the 6th lumbar nerve even in the most 
posterior form of plexus. 

The branches issuing from the inferior mesenteric ganglia are 
complicated by their frequent junction one with another. Five or six 
filaments, which leave the upper pair of ganglia, unite into two main 
strands which pass anteriorly along the inferior mesenteric vein, we 
have called the ascending mesenteric branches (Fig. 1, Pl, ITI. and Fig. 5) ; 
they join strands from the superior mesenteric. ganglia, and give off 
filaments to the colon; they are relatively much larger 1 in the rabbit 
than in the cat. The two large branches represented in Fig. 5 may 
easily be divided into six or more separate strands. Two other 
filaments, which leave the anterior end of the upper inferior mesenteric 
ganglia, pass anteriorly near the aorta to the renal plexus of either 
side, but also join the superior mesenteric ganglia; on their course 
ganglia are constantly found (Fig. 5), and filaments pass to them from 
the anterior spinal ramus, and spermatic resp. ovarian ganglia : these 
we may call the ascending aortic branches. 

Other filaments (also from the upper pair of ganglia) accompany 
the inferior- mesenteric artery and its branches; they are joined by 
similarly distributed filaments from the lower ganglia, and constitute — 
the lumbar colonic branches: these in the rabbit are less marked than 
in the cat, and we think it possible that more fibres for the upper part | 
of the colon take their course through the mesentery in the rabbit 
than in the cat, thus causing the ascending mesenteric branches to be 
larger, and the lumbar colonic branches smaller in the former animal. 
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The hypogastric nerves in the rabbit. 


From the conjoined hypogastric nerves several filaments pass to 
the plexus around the aorta, two of these are large, and reach the 
aorta near its bifurcation, where they are joined by filaments which 
first appear in the fork between.the two common iliac arteries, but 
which can be traced back to the lower lumbar sympathetic cord. In 
the rabbit from which Fig. 5 was drawn these strands arose from the 
5th and 6th lumbar ganglia on the left side, and from the 6th lumbar 
ganglion on the right; by this connection, fibres may possibly pass to 
the hypogastric trunk from the lower ganglia, but most of the fibres, 
if not all, as far as we could tell from dissection, passed posteriorly in 
the filaments running along the iliac arteries. | 

Sometimes a strand leaves the hypogastric at its opmmencement, 
and after giving off a colonic branch soon rejoins the trunk, as 
Frankenhauser has noticed, but another filament, often double at 
its exit, constantly leaves the trunk hypogastric shortly before the two 
nerves separate from one another, and near the group of nerve cells 
already mentioned (p. 383). This strand at first passes through the 
mesentery towards the gut, but soon curves dorsally again until near the 
inferior. mesenteric ganglia it reaches the first branch given off by the 
inferior mesenteric artery, along which it then passes to the colon; in 
the latter part of its course it is joined by one or more lumbar colonic 
branches ; two or three smaller filaments also following the same course 
often leave the trunk hypogastric; other strands issuing from the 
hypogastric nerves, or so called ‘uterine ganglia’ take a more direct 
course: upwards through the mesentery until they arrive at. the branch 
of the inferior mesenteric artery which they accompany to the colon, . 
and they also are joined by lumbar colonic filaments; owing to their 
course through the mesentery and junction with lumbar colonic nerves, 
these sacral colonic branches were believed by Frankenhauser to be 
isolated portions of the hypogastric nerves, or, as he called them, the 
main aortic strand (Hauptstamm)'. 

_ The hypogastric nerves separate from one another near the upper 
end of the rectum and pass on either side of it. On the dorso-lateral 
wall of the rectum each hypogastric nerve divides; the dorsal or 
posterior division is the larger, and it enters almost immediately a 


1 Frankenhiiuser. Jenaische Zeit. f. Medicin u. Naturwiss. u. 8. 78. 1866. 
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ganglion called by Frankenhiuser the ‘ganglion uterinum’ in the 
female. This ganglion, however, is present in the male, and from it 
a sacral colonic branch arises, so that from anatomical considerations we 
should be more inclined to believe that the cells of the ganglion were 
connected with sacral colonic than with uterine fibres. The ganglion is 
freely connected with the pelvic nerve, indeed the anterior strand of the 
latter passes into it, and the antero-median strand is also joined to it by 
one or more filaments (Figs. 6 and 7): these connecting branches form 
the hemorrhoidal plexus of Frankenhauser, Krause, and others. 

In the case of the rabbit, in which the Ist, 2nd, 3rd, 4th sacral, and 
lst coccygeal roots were cut distally of the ganglia (Exp. 5, Part VI.)' 
25 degenerated and 40 sound medullated fibres were found in the 
hypogastric immediately above its division, showing that a considerable 
nutiiber of sacral fibres ascended in the hypogastric nerve since we 
found that they did not turn into the ventral division of the hypo- 
gastric; in the same rabbit all the medullated fibres in each sacral 
colonic branch (about a dozen in some and two dozen in others) were 
degenerated except one or sometimes two in each branch. 

The ventral division of the hypogastric crosses the rectum obliquely 
giving off a ureteric branch, and having groups of nerve cells on its 
branches; the rest of this division then enters a group of ganglia 
situated immediately above the prostatic vesicle on the vas deferens in 
the male (Fig. 6), and at the dorso-lateral border of the vagina in the 
female immediately below the point at which the ureter crosses the 
latter (Fig. 7). In the male these ganglia send branches to the 
bladder, urethra, and ureter, also to the vas deferens and prostatic 
vesicle; one branch (composed of several filaments from the ganglia) 
descends on the vas deferens to its orifice. The branches to the 
prostatic vesicle join a plexus which extends along the whole length 
of the dorso-lateral border of the vesicle, and into which other filaments 
of the pelvic nerve pass (c;¢, d,d, Fig: 6); the lower of these (d, d) 
are obviously of sacral origin. From the lower portion of this plexus 
filaments cross over the prostatic vesicle, and enter the urethra. 

In the female the corresponding ganglia give off branches to the 
bladder, urethra, and ureter as in the male, several other ganglia being 
found on the bladder branches (Fig. 7). From the main group of 
ganglia five or six filaments also arise which ascend under the ureter, 
and pass in company with the superior vaginal artery and its branches 


| This Journal, x1x. p: 378, 1896. 


a 
j 
a 


388 J. N. LANGLEY AND H. K. ANDERSON. 
to the uterine horns and upper part of the vagina; other filaments 
from the same ganglia pass to the vagina directly, while another set of 


filaments pass posteriorly to a ganglionated plexus which, as in the cat; 
extends along the dorso-lateral border of the vagina, and finally 
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Fic, 6. Arrangement of the pelvic plexus in a male rabbit. 
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‘becomes lost in the vulval plexus. Into the vaginal plexus several 
filaments pass from the anterior strand of the pelvic nerve (0,¢,¢, 
Fig. 7), and later filaments (d, d) from the pelvic nerve itself; the 
anterior of these branches (c,c,¢, Fig. 7) were shown (Part VI.) to be 
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probably composed of fibres not from a sacral, but a lumbar source. 


Several pelvic filaments cross the lower part of the vagina, and ascend 
on the urethra. 


The pelvic nerve in the rabbit. 


This nerve arises by five or six filaments, which have a different 
origin according to the arrangement of nerves existing in each case, but 
we shall describe these variations later: usually the filaments unite into 
two main divisions (Fig. 6), but very rarely there is a single pelvic 
nerve as in the cat (Fig. 7). From the upper division an (antero- 
median) vesical branch (a) arises, but the upper division of the 
pelvic nerve both receives fibres from, and gives fibres to the lower 
division ; from the latter the anterior strand arises in the main, though 
a branch passes to it from the upper division. The anterior strand, as 
we have already said, enters the ‘ganglion uterinum’; it gives off 
another (antero-median) vesical strand (6), and also certain of the 
(median) strands (Figs. 6 and 7, ¢,c, d, d) already mentioned, which pass 
to the urethra, and to the plexus on the prostatic vesicle in the male, 
or vaginal and vulval plexus in the female. When examined micro- 
scopically the anterior strand is seen to have several ganglia on its 
course of which the ‘ganglion uterinum’ is the most anterior. 

The posterior and postero-median strands both arise from a con- 
siderable ganglion situated on the posterior branch of the pelvic nerve 
soon after the anterior strand has emerged. The posterior strands in 
the rabbit are only slender filaments, one of which passes to the recto- 
coccygeus muscle, the others to the rectum. The postero-median 
strands on the other hand are well developed ; the filaments composing 
them divide and join again frequently, and numerous ganglia are 
scattered over their course; these strands supply many branches to the 
rectum, urethra, and external generative organs, and finally enter the 
pudic branches (Fig. 8). Frankenhauser describes a branch arising 
from the 8rd sacral nerve, which he says passes to the uterine horns, 
though it gives off filaments to the bladder; this branch he calls the 
nervus uterinus sacralis. We have, in consequence of the description 
and drawing of this branch given by Frankeuhiuser, repeated many 
times the dissection of the pelvic nerve in the female rabbit, but have 
never found such a branch. We have, however, traced into the 
peripheral. end of a pelvic (vesical) branch a bundle of fibres, which 
arose from one of the uterine branches. In Fig. 7 two of these branches 
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are drawn, one of which had been dragged upwards into the broad 
ligament by the branch of the superior vaginal artery over which 
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Fie, 8. Mode of ending of the postero-median branch of the 
pelvic nerve in the rabbit. 


it passed ; we may also repeat that we found no degenerated fibres in 
the mesometrium when all the fibres of the pelvic nerve except five 
were degenerated (cf. Exp. 5, Part VI.)’. 

In the rabbit the communications between the postero-median 
strands of the pelvic nerve and the pudic branches are many and 
obvious, in sharp contrast to the single fine connecting branch in the 


1 This Journal, xrx. p. 878. 1896. 
PH, XX. 26 
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cat; we have drawn these connecting filaments in Fig. 8. Franken- 
hauser calls the postero-median strands the nervus recto-vaginalis, but 
it seems better to call them the recto-genital branches of the pelvic 
nerve, since this name is applicable to both male and female. 

Much of the dissimilarity which appears at first sight to exist 
between the lower lumbar and sacral sympathetic nerves of the cat and 
rabbit is explained by the alteration of the course followed by the 
sacral colonic nerves in the two animals; in the cat these nerves, as we 
have seen, ascend upon the wall of the colon, but in the rabbit they 
traverse the mesentery after ascending in the anterior strand of the 
pelvic nerve, or even in the hypogastric for some distance ; the presence 
of the sacral colonic fibres thus causes the anterior strand of the pelvic 
nerve in the rabbit to be larger than the corresponding strand of the 
cat, while at the same time their absence from the posterior strands 
renders the latter insignificant, whereas in the cat these strands are 
very well developed, cf. Figs. 6, 7, 4, and Fig. 1. Part VI. 


B. Lumpo-SacraL PLExvs. 


Before describing the arrangement of the lumbo-sacral plexus we 
think it advisable to describe briefly some of the muscles of the tail. 
In nearly all cases we have adopted the names used by Strauss- 
Diirckheim! for the cat, since these denote the origin and insertion 
of the muscles. We add, however, in each case, the name used by 
Frankenhauser and by Krause for the rabbit. 

The ischio-caudal muscle in the cat and rabbit arises from the spine 
of the ischium and is inserted into the sacrum and coccygeal vertebre ; 
(Figs. 1, 2, PL III.) and Figs. 3 and 4, Part IIIL.*; the upper part of this 
muscle in the rabbit is called sacro-coccygeus by Franken hauser, the 
lower part coccygeus; Krause calls the whole muscle m. abductor 
caude anticus. The sacro-caudal muscles pass from the front of the 
sacrum to the tail one on each side of the middle line; they are called 
m. depressores caude by Frankenhauser, and m. flexores caude by. 
Krause. The ilio-caudal and pubo-caudal muscles in the cat are 
shown in Fig. 2, Pl. III; the latter is well developed, but was necessarily 
cut away to some extent by the removal of the front portion of the 
pelvis, to the dorsal surface of which it is attached in the middle line ; 
the pubo-caudal is also seen from the dorsal surface in Fig. 4, Part III.* 


1 Strauss-Diirckheim. Anatomie du Chat. Paris, 1845. 
This Journal, p. 100. 1896. 
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Iumbo-sacral plewus in the cat. 


The variations in arrangement of the lumbo-sacral plexus in the cat 
have been in the main already described’, but we may add some details 
with regard to the sciatic and the pudendal plexus. In Fig. 10 we have 
drawn the most anterior plexus we have seen in cats with thirteen and 
only thirteen ribs; in this arrangement the superior gluteal nerve 
receives rather more fibres from the 7th than from the 6th lumbar roots, 
and the 2nd sacral trunk gives off a fine filament to the posterior 
division of the Ist sacral, and thus probably to the sciatic, though we 
have not traced the filament past the branches which subsequently 
emerge from the posterior division of the Ist sacral. 

The n. cutaneus femoris arises from the Ist sacral, generally by two 
roots; the conjoined trunk of the genito-anal nerve and nervus dorsalis 
penis from the Ist and 2nd sacral; and the perineal entirely from the 
2nd sacral nerve. The genito-anal nerve can, however, be easily 
separated froin the nervus dorsalis penis, when it is seen to have an 
origin from the cord anterior to that of the latter, since the nervus 
dorsalis penis arises nearly as much from the 2nd as from the Ist sacral, 
whereas the genito-anal nerve is formed by two or three roots issuing 
from the Ist sacral, and only receives a small filament from the 2nd 
sacral nerve; this filament runs for part of its course in the trunk of 
the nervus dorsalis penis, but we find by dissection that the fibres 
composing it are derived from the 2nd sacral roots. 

The pelvic nerve has origin chiefly from the 2nd sacral, but receives 
a small filament from the Ist and 3rd sacral nerves, that from the Ist 
leaves the posterior division of the nerve and often runs a separate 
course for a centimetre or more before joining the main portion of the 
pelvic nerve; the fibres from the 3rd sacral also sometimes run as a 
separate filament to the pelvic nerve, but more commonly no such 
obvious filament exists; in the latter case the 2nd and 3rd sacral trunks 
are joined near their exit from the vertebral foramina by a fine strand ; 
this we have dissected throughout its course by teasing the 2nd and“3rd 
sacral trunks; we find that the fibres composing it emerge by the 3rd 
sacral roots, and pass into the pelvic nerve after a short peripheral 
course in the 2nd sacral trunk, fibres from which accompany the 

filament, and with it form the chief portion of the pelvic nerve. 


* Langley. This Journal, x1. pp. 849 and 878, and Pl. xm. 1891; also xv. Pl. vit. 
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The lumbo-sacral plexus accompauying this arrangement of pu- 
dendal plexus is like that of Fig. 3, Pl. XII. Vol. XIL. of this Journal. 
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. (A) 14 ribs, and (B) 18 ribs. 


In Fig. 9 we have drawn the sciatic and pudendal plexus of a 
cat having 14 ribs, with 7 lumbar, and 7 cervical vertebra. The 
arrangement of nerves is anterior to that represented in Fig. 10; the 
2nd sacral gives off no filament to the sciatic; the perineal nerve 
receives a branch from the Ist sacral, and the superior gluteal arises 
by two almost equal branches from the 6th and 7th. lumbar roots. 
The lumbo-sacral plexus is like that in Mig. 4, Pl. XIL Vol. XII. 
of this Journal. 
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With another mode of reckoning the spinal nerves this form of 
plexus may be classed as markedly posterior; we shall refer to this 
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Fie. 11. Fie, 12. 
Fie, 11 median form, Fie. 12 posterior form of lumbo-sacral 
plexus in the cat. 
point again, when we describe the abnormal arrangements of vertebrae 
found in the dog, cat, and rabbit, p. 404. 

The median and posterior arrangements of the sciatic and_ pudendal 
plexus are seen in Figs. 11 and 12. In the latter the 2nd sacral 
sends a fair sized branch to the sciatic, and the 3rd sacral filaments 
to the perineal and genito-anal nerves, and also to the nervus dorsalis 

_ penis, which in this form receives no fibres from the Ist sacral. In 
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the median arrangement the 2nd sacral sends a fine filament to the 
sciatic, but the 3rd sacral does not contribute to the formation of the 
pudic branches. In slightly postero-median forms, however, the 3rd 
sacral sends a fine filament to the perineal nerve, 

In the median form of plexus the pelvic nerve receives a few 
fibres from the 1st sacral nerve, but none in the posterior form; in 
the latter we have traced a fine filament from the lst coccygeal roots 
into the 3rd sacral nerve, and thence among the 3rd sacral fibres for 
some distance, but the dissection of so fine a bundle of fibres is difficult, 
and we cannot say with certainty whether the fibres passed into the 
pelvic nerve, or into other branches of the 3rd sacral trunk. 

We give in a tabular form the chief differences in the arrangement 
of the nerves in the three forms. 


Origin of Anterior arrangement ! Median arrangement Posterior arrangement 
superior gluteal VI—rather less than 4 VI—small strand 
VIl—rather more than 4 ViIl—chief ori Vil—large strand 
I—small filament < VI I—small strand 
VI— strand ViI—rather large strand | VI—small strand 
Vil—larger strand than VI | VII than VI | Vil—large strand 
great sciatic I—considerably — large strand I— strand 
than VI II—rather large 
Ii—small filament II—small strand 
nervus cutaneous) 
I—chief origin 
posterior}  I—sole origin urigin 
(small sciatic) filament Il—small strand 
I—chief origin I—about I—small strand 
genito-anal Ii—smaill filament U—large 
I11—small filament 
nervus dorsalis I—rather more than 4 I—two small filaments; [Il—chief origin 
penis Ii—rather less.than 4 Ii—chief origin I1I—small filament 
perineal Il—-sole origin Il—sole origin 
: I—small strand I—small filament 
1—large strand Il strand 11—rather less than } 
IiI—small strand =I large strand > 4 


Lumbo-sacral pleaus in the rabbit. 


In the posterior arrangement of the lumbo-sacral plexus in the 
rabbit (Fig. 13) the 2nd sacral trunk is as large as the lumbo-sacral 
cord, the Ist sacral being slightly larger than the 7th lumbar; the 


1 In cats with thirteen and only thirteen ribs. 
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latter gives off branches to both crural and obturator nerves, each of 
which receives fibres from the 5th lumbar, though fewer than from 
the 7th lumbar, the filament from the 5th lumbar to the obturator 
being very slender. The crural receives a considerably larger branch 
from the 6th than from the 7th lumbar, but the obturator arises 
equally from both. The genito-crural and external cutaneous nerves 
are formed chiefly by fibres from the 5th, but partly from the 4th 
lumbar roots. The superior gluteal arises from the 7th and Ist sacral 
roots, but chiefly from the 7th lumbar; it is also joined by a 
delicate strand which passes from the 6th to the 7th lumbar trunk 
near the exit of these nerves from the vertebral canal; this strand is 
deeply placed, running beneath the crural and obturator filaments 
derived from the 7th lumbar nerve. In a former communication we — 
stated that no fibres passed from the 6th to the 7th lumbar nerve 
in the postero-median and posterior forms of plexus of the rabbit, 
having at that time overlooked this filament; we were unable by 
dissection to trace any of the fibres composing it into the sciatic trunk 
in the posterior arrangement. 

The Ist sacral nerve passes at first between the piriformis and 
ischio-caudal muscles, and then crosses the former to join the lumbo- 
sacral cord. The 2nd sacral soon after it appears in the groove be- 
tween the sacro- and ischio-caudal muscles separates into two divisions, 
anterior and posterior, both of which cross the ischio-caudal muscles 
obliquely and enter the sciatic trunk, but midway between its origin 
and entrance into the sciatic the posterior division of the 2nd sacral 
is joined by a branch from the anterior division of the 3rd sacral, 
which in turn receives fibres from the 2nd. The anterior division of 
the 3rd sacral nerve then continues its course along the anterior border 
of the ischio-caudal muscle, but soon passes dorsally to it, and divides 
into three filaments, which remain loosely connected. 

In the dog and cat all the filaments entering into the formation 
of the pudic branches are early joined together and pass dorsally of 
the ischio-caudal muscle, but in the rabbit several of the pudic fila- 
ments pass through this muscle, and only join the more dorsal branches 
late in their course ; the deep genito-anal nerve of the rabbit, moreover, 
is formed solely by two filaments, both of which penetrate the ischio- 
caudal muscle; but though in the rabbit a common pudic trunk, 
comparable with that in the dog and cat, does not in fact exist, it 
is convenient to retam the name pudic nerve for the loosely con- 
nected filaments which pass dorsally of the ischio-caudal muscle. — 
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The early division of the pudic nerve is not shown in Fig. 3, 
Part III.’, except in the case of the filament to the nervus dorsalis 


cutaneous sciatic n. 
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in the rabbit. 


penis, nor is the n. cutaneus femoris posterior (small sciatic) represented 
as @ separate nerve: the latter arises from the 2nd sacral in the 
posterior arrangement, and is not connected to the pudic branches, 
though it lies close beside them. The connections of the pudic 


1 This Journal, xrx. p. 99. 1896. 
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‘filaments when fully dissected from one another are shown in Figs. 
13, 14. 

The branches of the pudic nerve separate from one another at 
the level of the ischial spine as they enter the ischio-rectal fossa; 
one of them contributes to the formation of the nervus dorsalis penis, 
resp. clitoridis, the second and third constitute the main portions of 
the superficial genito-anal and perineal nerves respectively ; all three 
filaments are composed of fibres from both 2nd and 3rd sacral roots. 

_ The filaments which perforate the ischio-caudal muscle are shown 
in Fig. 2, Pl. IIL lying at first on the ventral surface of that muscle 
before piercing among its fibres; they are again seen in the same 
figure as they emerge from the ventral border of the muscle, but 
more clearly shown in this part of their course in Fig. 3, Part III. 
The two anterior filaments join a pudic branch already mentioned 
to form the nervus dorsalis penis, resp. clitoridis, of which they form 
the greater part: in this form of plexus these filaments arise, the 
first from the 3rd and 4th sacral, the second from the 4th sacral 
roots. 

Two more perforating branches, one from the 4th sacral, the 
other from the Ist coccygeal nerve, join in the substance of the 
ischio-caudal muscle to form the deep genito-anal nerve; this branch 
receives no filament from the pudic nerve, but gives off filaments to 
the superficial genito-anal nerve and dorsal nerve of the penis. Some- 
times the former filament is absent, and a separate strand from the 
4th sacral roots found in its place. 

When, as not uncommonly happens, a filament derived from more 
than one sacral nerve is distributed to two or more pudic branches, it is 
very difficult if not impossible to decide by dissection alone the exact 
origin of the branches in question; much may be done by the 
separation of the fibres of the filament under a microscope, but even 
then we have been unable to assure ourselves in many cases of the 
presence or absence of a few fibres from a particular root; this 
uncertainty is also increased by the constant occurrence of fine 
connecting strands which unite the sacral and coccygeal trunks near 
their exit from the spinal foramina, and in difficult cases the question 
could only be decided with any degree of certainty by section of the 
doubtful root, and subsequent tracing of the degenerated fibres, e.g. 
dissection alone does not enable us to decide whether in the posterior 
arrangement of nerves the nervus dorsalis penis does or does not derive 
fibres from the 1st coccygeal roots by the strand it receives from the 
deep genito-anal nerve, nor to say into which branch or branches the 
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fibres pass, which issue from the 4th sacral roots, and enter the 
peripheral part of the 3rd sacral trunk early in its course. 

The first of the connecting filaments mentioned above passes in 
the posterior arrangement from the 2nd sacral roots to the 3rd 
sacral trunk; only a few of its fibres, however, enter the latter, 
most of them join a filament from the 3rd sacral and thus 
form part of a cutaneous nerve which supplies an area of skin in 
the circum-anal region: this cutaneous nerve is also joined by a 
filament from the 4th sacral later. The second connecting filament 
joins the 3rd and 4th sacral trunks: some of its fibres, as we have 
mentioned already, issue by the 4th sacral roots and enter the 3rd 
sacral trunk, but others pass from the 3rd to the 4th sacral nerve; as 
far as we can tell from dissection none of the latter fibres pass into the 
deep genito-anal nerve ; the third connecting filament unites the 4th 
sacral and Ist coccygeal trunks, it is entirely composed of 4th sacral 
fibres passing to the tail, except in the posterior portion, where the 
Ist coccygeal filament of the pelvic nerve lies for a short distance 
beside the 4th sacral fibres before following its separate course te the 
pelvic plexus. 

In the rabbit which had the anterior form of plexus drawn in Fig. 14 
there was no extra rib-bearing vertebra, and the cervical vertebra were 
seven in number, the 7th lumbar being thus the 27th spinal nerve. 
With this arrangement the 2nd sacral trunk was as large as the 
branch sent by the 6th to the 7th lumbar nerve, and the latter 
contributed no fibres to either obturator or crural. Less than half of 
the above-mentioned 6th lumbar branch passed to the sciatic, the 
larger portion forming nearly half the superior gluteal nerve. None of 
the fibres of the filament joining the Ist and 2nd sacral trunks passed to 
the pelvic nerve, but most of them united with fibres of the 2nd sacral 
to form the cutaneous branch supplying part of the circum-anal region. 
A small bundle of 3rd sacral fibres passed into the peripheral part of 
the 2nd sacral trunk early in its course, but we failed to trace them 
far enough to decide whether the sciatic receives fibres from the 3rd 
sacral or not in this form of plexus. 

In Fig. 15, A, B, OC, we have drawn those insin of plexus which we 
have placed in the antero-median, median, and postero-median classes 
respectively. The most readily recognisable differences between them 
are the following. In the median class the 7th lumbar contributes 
fibres to the obturator nerve, and not to the crural, in the posterior and 
postero-median classes it sends a branch to each of these nerves ‘and 
in the anterior and antero-median to neither of them. In the posterior 
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arrangement, the lumbo-sacral cord is of the same size as the 2nd sacral 
trunk, but in the postero-median the former is the larger; further, the 
crural in the posterior form of plexus receives more from the 7th 
than from the 5th lumbar, but in the postero-median more from the 
5th than from the 7th. The antero-median class of plexus is 
distinguished from the anterior by the relative sizes of the posterior 
branch of the 6th lumbar nerve and the 2nd sacral trunk; in the 
anterior arrangement these are of the same size, in the antero-median 
the former is smaller than the latter ; also, in the anterior arrangement 
the obturator receives fibres from the 4th lumbar, but none in the 
antero-median. Many other slight points of differences exist and will 
be seen on comparing the figures, and reference to the Table on p. 403. 

We have not attempted to describe the variations in origin of the 
pudic branches in the forms of plexus intermediate between those 
drawn in Figs. 13 and 14, since for reasons given on p. 399 we believe 
that the exact origin cannot be determined by dissection alone. The 
origin of the pelvic nerve, however, we have examined more minutely, 
and we find that the 2nd sacral contributes fibres in the median and 
more anterior arrangements of plexus: in the median arrangement the 
2nd sacral fibres pass to the pelvic nerve from the filament connecting 
the 2nd and 3rd sacral nerves. The 2nd sacral fibres in the more 
anterior forms can be traced chiefly into the lower portion of the pelvic 
nerve and across fibres from the 3rd sacral which pass into the upper 
portion, we have not found any fibres from the 1st coccygeal nerve in 
the median, or more anterior arrangements, passing by the filament 
which connects the 4th sacral and Ist coccygeal trunks. In the 
postero-median and posterior classes the Ist coccygeal nerve sends 
fibres to the pelvic nerve, and the 2nd sacral none. In each of these 
arrangements the pelvic nerve arises by five or six filaments from the 
several nerve trunks and from the branches connecting these near their 
exit from the spinal foramina. 

For the convenience of comparison we give in a tabular form 
the chief differences mentioned above as occurring in the several 
arrangements of nerves in the rabbit. | 


Further course of the pudic branches in the rabbit. 


The nervus dorsalis penis (resp. clitoridis) gives off two fine branches 
to the urethra in the male, and to the vulva in the female (in the latter 
these branches are called by Frankenhauser the nervus vaginalis 
inferior): the main nerve then gives off branches to Houston’s muscle 
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in the cat, and to the pubo-cavernosus in the rabbit, and finally 
_ supplies the external generative organs with sensory, and also with 
sympathetic fibres (Fig. 8). | 

The superficial genito-anal nerve also contributes filaments to the 
urethra, but enters chiefly the external sphincter of the anus (and of 
the vagina in the female); branches from it supply the bulbo- and 
ischio-cavernosus muscles. 

The deep genito-anal nerve having given off branches to the 
n. dorsalis penis, and superficial genito-anal, continues its course under 
the external sphincter of the anus to the external generative organs, 
and to the anal tube. | 

The perineal nerve gives off a filament to the inner part of the 
buttock, and then passes to the labia or scrotum as the rami labiales 
8s. scrotales. 


The in the dog. 


In dogs with thirteen ribs and seven lumbar vertebre we have 
found the limits of variation narrower than in either cats or rabbits; 
Fig. 16 represents the most anterior (A) and most posterior form (B) 
of plexus seen. This apparently narrow range of variation may be 
perhaps explained by the smaller number of dissections made in the 
dog. It will be seen on comparing Fig. 16 A with Fig. 11 that the 
lumbo-sacral plexus in the dog has an arrangement different from that 
in the cat; the posterior branch of the 6th lumbar nerve in the plexus 
of the dog drawn in Fig. 16 A is slightly larger than the Ist sacral 
nerve, and in this respect like an antero-median form of plexus in the 
cat, but the upper portion of the plexus is arranged in a form only 
found in the most anterior arrangement in the cat. 


Abnormal number of thoracic and lumbar vertebra. 


In two dogs (Nos. 5, 7, Parts II. and IIL) and one cat we found 
only six free sub-thoracic vertebre, the number of cervical and thoracic 
vertebre being normal; in these animals we reckoned the first nerve 
issuing from the sacrum as the Ist sacral, and the nerve issuing below 
the last rib the 1st lumbar ; on this method of reckoning we placed the 
plexus in both the dogs and the cat in the markedly posterior class. 
We have never seen less than seven free sub-thoracic nerves in the 
rabbit. 

In three cats and five rabbits we found seven free sub-thoracic, 
and seven cervical vertebre, but also an extra rib-bearing vertebra; 
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in the cases we reckoned the nerve issuing below the extra rib the 
14th thoracic in a cat, or the 13th thoracic in a rabbit; reckoning in 


this way we placed the plexus in each of these cats and rabbits in 
the markedly anterior class. 
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Fie. 16. Two forms of lumbo-sacral plexus in the dog. 
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If, however, the spinal nerves be reckoned merely with regard to 
their numerical position when counted from the Ist cervical nerve 
and irrespectively of the nature of the vertebra below which they 
emerge, then the classification of the forms of plexus described above 
must be reversed, and the plexus occurring with the diminished number 
of free sub-thoracic vertebree must be reckoned as a very anterior arrange- 
ment, and that occurring with an extra rib-bearing vertebra as a very 
posterior arrangement. 


PLATE III. 


Fig. 1. Dissection of a rabbit to show the more important anatomical 
relations of the lumbar and sacral nerves, which pass to the colon, pelvic 
viscera, external generative organs and anus. 

Fig. 2. Similar dissection of a cat. 

In both dissections the front portion of the pelvis has been removed and 
the colon and pelvic viscera pulled to the right side. Many of the branches 
of the aorta and inferior vena cava and the vessels of the pelvic region have 
been entirely removed so as to render the figures less complicated. The 
arrangement of lumbo-sacral plexus in both rabbit and cat is median. In 
Fig. 2 the small nerve filament crossing the upper portion of the ischio-caudal 
muscle innervates the ilio-caudal muscle; this filament often arises in common 
with the pelvic nerve as shown in the figure. 


Note on the Cremaster muscle. In Part m1. p. 92 (This Journal, xrx. 1895) we stated 
that, in such experiments as we had made, we had not found in the rabbit and cat any 
striated muscle in connection with the spermatic cord, nor observed any cremasteric 
contraction on stimulating the lumbar nerves or the genito-crural nerve. In our reference 
to the cremaster, we referred only to a slip of muscle running with the spermatic cord. In 
the rabbit, the testis and the extra-abdominal part of the spermatic cord lies in a sac 
formed by a projection from the abdominal wall, an arrangement described long ago. 
There is we think some convenience in speaking of this as the cremasteric sac, reserving 
the term cremaster for the strip of muscle which in various mammals as in the dog runs 
with the spermatic cord and spreads out over the testis, but as the one is only a completer 
form of the other, our previous account as it stands is certainly misleading. The cremas- 
teric sac, we have found to be innervated by the 4th and 5th lumbar nerves ; the nerve 
fibres passing of course by the genito-crural nerve. 

In the cat we have in one case found a cremaster to be present; it was innervated by 
the 4th lumbar nerve and by this alone; the lumbo-sacral nerves having a median arrange- 
ment. The total number of experiments we have made with the object of observing the 
cremaster in the cat is small, so that we have not sufficient data to enable us to say whether 
the absence of the cremaster (which we noted in a recent experiment, as well as in our 
earlier ones) is to be regarded as the rule or as the exception. There is, it need hardly be 
said, no cremasteric sac in the cat. 
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HASMODYNAMICS'. By W. NICOLLS, MD. St Peter's 
College, Cambridge. (Six Figures in Text.) 


Fleaible surfaces. 


THROUGHOUT this paper p will be always used to represent the excess 
of the internal over the external pressures per unit of area in any vessel 
full of fluid. Let 7 and 7” be the principal transverse and longitudinal 
tensions respectively at a point, R and FR’ the principal radii of 
curvature. For a surface of revolution (Fig. 1) let PQ and P’Q’ be two 
consecutive sections perpendicular to the axis Oz, then resolving along 
the normal and tangent. Assuming that there is no tearing stress 


p=T/R+ T'/R’, 

ty 
These equations are true also for imperfectly flexible and elastic 
surfaces, provided that the stress between any two adjacent elements of 


the surface lies wholly in the tangent plane. 


Y 


Pp Pp’ 


‘Fra. 2. 


1 This Paper is the revision of a Thesis read in June for the Degree of M.D. in the 
University of Cambridge. 
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Cor. i. Uniform circular cylinder. The equations follow from the 
above, but admit of a very simple proof. Let ABC (Fig. 2) be a 
section of the cylinder perpendicular to the axis, 0 the centre. Then 
the fluid between the diameter AB and the surface ACB is in 
transverse equilibrium under three parallel forces, a pressure 2pr and 
two tensions, each equal to 7, 
therefore pr=T. 

Again, for longitudinal equilibrium, the whole pressure on a transverse 
section is rp and the whole tension parallel to the axis is 2rrT7”, 
therefore pr=2T", 

therefore T = 27". 


Cor. ii. For the case of a fluid in motion the equations hold good 
so long as the lateral acceleration can be neglected, and when the walls 
are subject to no stresses except the intrinsic stresses arising from the 
pressure of the fluid. 

For example, if in Fig. 3 the empty elastic tube were stretched 
between two points of attachment P and Q and then distended with 
fluid pressure, none of the equations will hold good until the internal 
pressure is sufficiently raised to make 7’'=27”, for then the stresses on 
the external attachments P and Q disappear. In the dead body the 
effect of pressure is lost and there is stress un the external attachments, 
while in the living body normally there is sufficient stress produced by 
the pressure to make 7'= 27”. 


Elasticity. 

On this subject different experimenters have got very different 
results. For example, if the abscissa and ordinate represent the 
increase of volume and the pressure, Marey gets an ellipse as the 
curve of elasticity both for an artery and an india-rubber tube. Sucha 
result is incorrect, for if H and EH’ represent Young’s Modulus for the 
transverse and longitudinal caetialty, let a length / be strained to /’ 
and a radius a to a’, then 


=1(1 + pa'/22k’), 
@ 
therefore a’ =a/(1 —ap/E)=a/(1 — ep), 
and {1 + (1 —ep)} =1 {1+ —ep)}, 
where e=a/E, 


therefore = {1 + — ep)}/(1 — ep)’. 
Let aV/al=1l+y; p=a. 
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Then —e)a, 

& quartic curve which is exactly what Prof. Roy obtains experi- 
mentally. In all calculations I have adopted Prof. Roy’s results, as 
their accuracy is unquestionable. Unfortunately he does not give the 
thicknesses of the vessel walls, so that Young’s modulus cannot be 
found from his curves. 

It is usually stated that the elasticity of arteries does not obey 
Hooke’s law; but this arises from a misunderstanding of the law, 
which is often stated as “The tension is proportional to the extension 
beyond the natural length.” 

Now the unstretched circumference of a vessel is not its natural 
length, as it never can contract to that length in the living body. In 
fact collapse of a vessel must alter the molecular arrangement in its 
walls, 

From calculations on the experiments of Prof. Roy I find that the 
_ walls of the arteries in the distended state do obey Hooke’s law for 
stresses that do not differ widely from those induced by the blood- 
pressure. If therefore the law be stated thus: “Change of strain is 
proportional to change of stress within certain limits,” it is as correct 
for blood vessels as for any other substances. The law can then be 
—* in the useful formula 

W-Q=K (l/a—1), 

when W is the whole stress, / the corresponding length, Q and a the 
values of the stress and length below which the law of Hooke will not 
hold, it will be convenient to call them critical quantities. K the 
force of elastic recoil of the vessel wall, the portion of the vessel 
considered having a breadth of lcm. The exact calculation of Q and 
a from Roy’s curves is a most tedious process, but by actual 
measurements very fair approximations can be got, which I will 
consequently use. 


Numerical examples from Roy’s results. 
1. Curve, 12. Age, 24. Breadth of strip, 1 cm., unstretched length, 
18 mm., diameter, 7 mm., when stretched with a weight of 200 grms. 
length = 28°4 ; diameter = 10°6, 
Q = 130 grms., 
a= 27°7 mm. 


©) _ 2770. 


272 
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2. Ourve, 13. Age, 22. Unstretched length, 30; diameter, 14, when 
stretched with a weight, 200 grms. 
length = 46-2, diameter = 22, 
Q=150, a= 45'3, 
therefore K = 3103. 
Other values are given in tables at the end. 


Strength of the Walls. 


In a cylinder for a transverse section let Y and Z be the normal 
and tangential stresses at a point in the interior of the wall at a 
distance y from the axis. Then by the theory of elasticity 


Y+Z=20C, 

)=Z, 
therefore Y=C0+C/y, 

Z=C0-C/y. 
Now Y=—p and 0, when y=r and 7?’ respectively. Where r and 7’ 
are the internal and external radii, 
therefore 1)/(G-1). 
which shows that the tearing stress Z is a maximum at the inner 
surface. Hence, to attain the greatest strength with a given amount 
of material, the cylinder should be constructed of layers of gradually 
increased distension from within outwards. 

Now this is exactly the arrangement of the different layers of the 
arterial wall: thus the greatest strength is attained by the smallest 
amount of material consistent with safety. 

Similar reasoning applies to the walls of a sphere: from which it 


appears that the main source of weakness in an aneurysm is that the 
wall practically is composed of only one coat. 


Steady Motion and Viscosity. . 


The motion of a fluid in a uniform tube is steady when the stream 
lines are parallel to the axis. 

In such a case the motion is in accordance with Poiseuille’s laws 
which are expressed in the formula 
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where v is the velocity at a distance r from the axis, a the radius of 
the tube, p and p’ the pressures at two points equally distant from the 
axis at a distance / apart, and yw the coefficient of viscosity, = —~ 
From Poiseuille’s results it follows that there is no slipping 
between the vessel wall and the liquid, or, in other words, the film of 
fluid which wets the vessel wall is motionless. Hence the resistance to 
steady motion is altogether due to the viscosity of the liquid. 
Let AB (Fig. 3) be a line of particles in a cross-section at any time, 
if v and r be taken as ordinate and abscissa it follows from JX that, at 


A 
Pp 


oO 


r 
0} x 


B 
Fre, 8, 


the end of a unit time, they will lie on a parabola ACB, the latus 
rectum of which is 8ul/(p—p’). Therefore, in general, a cross plane of 
particles will at the end of a short time lie on a paraboloid of 
revolution, the axis of which coincides with that of the tube. 

Perhaps the most difficult experimental problem connected with the 
blood is to determine the viscosity, as the clotting occurs so rapidly 
that no reliable observations can be made on the passage of blood 
through tubes of small bore, while, along a given vessel in the body, 
the pressure gradient is so small that its determination has hitherto 
defied the ingenuity of experimenters. It can, however, be shown that 
it is very small. 

For, assuming steady motion, let u be the mean velocity and P the 
pressure gradient. 


Then Suu = Pat. 
For example, in the carotid, a = *4 cm., u = 32 cm. per second, 
therefore pw = P/1600, 


which shows that yw is a very small fraction. If blood had the same 
viscosity as water, viz. 4 = ‘007 at 36°, 

therefore P =11'2 dynes per unit length. 

Hence the fall in head per unit length is 11°2/981=88 nearly. This 
quantity, though small, appears capable of experimental determination ; 


consequently it seems probable that blood in the living body is not 
much more viscous than water. 
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Experiments with Ox blood. 

I made use of two specimens of blood, the one whipped, the other 
kept from clotting by the addition of 2 per cent. of a 10 per cent. 
solution of potassium oxalate. The instrument employed is Poiseuille’s 
Viscometer. The liquid is allowed to escape through a capillary tube 
in a horizontal position. The two orifices at ends are bell-shaped and 
at the end where the fluid issues there is a lip to prevent the resistance 
of surface tension. 

The viscosity is got from the time of emptying the reservoir. 

After each experiment the instrument was washed and tested. 

The rates of flow given in the following Table are in each case the 
means of not less than six observations. 


Time of 
Liquid Temperature in 
Water 14° 148 
31 102 
Blood 18 740 
16 833 
= 15 934 
32 568 
lood 1 part 
Water 1 part 
Blood 1 part 
Water 1 part 
Whi 33 580 
pa 1, water 8 33 428 


If » and yw’ be two coefficients of viscosity, s and s’ the specific 

gravities, ¢ and ¢ the corresponding times, then 

psi: pe =t: 
Tho specific gravity of the blood was 1054 and of the whipped blood 
1-058. 

From the tables of Berenstein it follows by calculation that the — 
times for water at 33°, 32°, 16° are 98, 100, 144 respectively. Hence 
the ratios of the coefficients of blood and water at those temperatures 
are 5-6, 5°37, 5°4. The first of these is for whipped blood and shows a 
greater viscosity than the other; which difference is* probably due to 


the small amount of oxalate solution mixed with the latter. 
We conclude then, that 


(1) A mixture of blood and water is less viscous than blood. 


. 
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(2) The viscosity of the blood diminishes rapidly as the 
temperature rises. Assuming this to be true in the living body, it 
follows that the rise of temperature in fever diminishes the resistance 
and consequently the heart has less work to do. 


Unsteady Motion. 


Rigid mathematical calculation can only be applied to actual 
fluids and the motion of actual fluids as long as it is not turbulent; 
when a certain limit of velocity is exceeded the motion is disturbed. 
In this case the stream lines are not parallel to the axis, the motion is 
practically independent of the viscosity, and the pressure gradient no 
longer varies as the velocity, but more nearly as its square. Osborne 
Reynolds states that this limiting velocity varies directly as the 
viscosity coefficient and inversely as the product of the radius and the 
density of the fluid. 

For experimenting on this kind of motion I made use of tubes of 
glass, thin india-rubber, and intestines and arteries of animals. As 
a result of experiment I found that in disturbed motions, thin flexible 
tubes quivered slightly, hence I concluded that the motion might be 
regarded as steady so long as the walls did not vibrate. By intro- 
ducing a small stream of coloured liquid into transparent tubes in 
which water was moving with a velocity nearly equal to that of the 
blood, I found the motion not turbulent in tubes of different diameters. 
Even with much greater velocities, it is impossible to produce sounds 
in a moving liquid so long as it is free from air, no matter what di- 
latations or contractions occur in the pipes. Hence I conclude that 
hemic murmurs are produced, like vocal sounds, by the vibrations of 
elastic substances. 

A hemic murmur that is very readily induced in oligocythemia is 
that heard over the pulmonary artery, which is, ‘par excellence the 
most elastic vessel in the body’ (Roy), and the more elastic a substance 
the more readily it vibrates. This at once leads to the question, Is the 
velocity increased? Observations of Thoma render this very pro- 
bable. He observed (Fig. 5) that when two vessels united, the central 
currents containing red corpuscles flow separately for a much er 
distance than normally. This might occur from two causes: 


(1) Increase of Viscosity, 
(2) Increase of Velocity. 
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The first of these is probably excluded by the fact that out of the 
body the viscosity is diminished by the addition of water, and the 
blood is more watery in oligocythemia. 

Hence I conclude that there is an increase in velocity. This in 
turn might occur from two causes: 


(1) Diminution of Viscosity, 
(2) Increase of the Pressure Gradient. 


If the first of these were the sole cause, the central streams would unite 
sooner than normal, instead of later. Hence I conclude that there 
is an increase in the pressure gradient, but the cause of this is physio- 
logical and outside the scope of this work. 


Velocity and Pressure. 


For illustrative purposes the experiment of Daniell Bernouilli, 
published in 1728, is admirable. See Fig. 4; # is a reservoir kept 


0 Pp 


A 


] 


L 


Fia, 4, 


constantly full at a constant pressure P, BC is a horizontal uniform 
pipe connected with R by a bell-shaped mouth-piece at B. A series of 
vertical tubes communicating with the interior are arranged along 
BO, 

The total potential energy of a particle of fluid in R is used up in 
imparting kinetic energy when the particle moves along BO, and in 
overcoming resistance. Hence if fbe the coefficient of resistance, p the 
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pressure at any point at a distance # from B, m the mass of the 


particle 
Potential energy of m in the reservoir = mP/p, 


» WhenatN =mp/p. 
Kinetic energy = $mv*. 
Loss of energy = mg/fa, 
therefore mP/p = mp/p + 4mv* + mgfa. 
Now let P =gpH : p=gpZ : v = 2gh, 


H and z are the heights to which the fluid would rise in vertical 
plesometers and may be called pressure heads; h is the height to which 
a particle would rise if projected vertically with a velocity v and — be 
called the velocity head ; 


therefore H=2+h+/fz. 


From this it follows that the levels of the liquids in the different 
peisometers lie on a right line AMF inclined to BC at an angle, the 
tangent of which is f, and that the pressure head at the beginning 
of BC is less than that in R by an amount AD=h 6sedetits on the 
square of the velocity. 

If the motion be stopped at the end C the liquid will rise in all 
the piesometers to a height H. Thus at the point V,if MN and ML 
represent the pressure and velocity heads respectively PZ will represent 
the loss of energy and may be called the resistance head. Thus, the 
further from the source R, the greater the resistance head. 


Application to Arteries. 


If an artery be tied at any point, there is, on the proximal side 
of the ligature, an increase in pressure measured by the sum of the 
velocity and resistance heads, and the further from the heart the 
greater the rise. 

To find the height due to a velocity of 32 cm. per second: 


here h = v*/2g = 1024/2 x 981 = 4 cm. nearly. 


Hence, in ligaturing an artery near the heart, the rise of pressure 
in the sac is very small ; in fact it is represented by a column of blood 
about 5 mm. high, as the resistance head is practically nil. . 

Again, if the pipe BC be divided at N, the potential energy at V 
will be converted into kinetic, therefore the velocity head will now be 


a 
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For example, if in the carotid of man the pressure head be 208 cm. 
of blood, if the vessel were divided, the blood would begin to spout 
with a velocity 


= 32 + /2q x 208 = 82 + ,/408096 = 671 cm. 
that is, with a velocity 21 times greater than that in the uncut vessel. 


Shape of the Orifice. 


Whenever fluid in motion meets a sharp edge there is a breach 
of continuity and a consequent loss of energy. It is most important to 
avoid this loss, which can be done by making the orifice bell-shaped, as 
at B, Fig. 4. With any other shape Poisson showed that the quantity 
of liquid which flows out in a given time would be much less than 
given by calculation. 

Such an arrangement exists potentially in the branches of the aorta, 
as Thoma has verified by injecting hot paraffin, at blood-pressure, into 
the vessels and taking sections. Before I was aware of the results 
of Thoma, I had calculated the shape of the curve formed by a 
plane section through the axes of a main artery and its branches and 
found it approximately a parabola, which is the best shape found by 
experiment. 

Hence I conclude that there is no energy lost when blood 
passes from a main artery into its branch. 


Eaperiments. 

A modification of Pilot’s tubes was employed for finding the 
velocity, as follows: 

The instrument is a straight glass tube ngs, Fig. 5; from n to q the 
tube is drawn out fine and at n there is a small bell-shaped opening in 
the side. When the tube is plunged into moving liquid so that the 
orifice at n faces the current as at J in Fig. 4, the fiuid will rise to the 
height Jb, due to velocity and pressure ; if n be turned at right angles to 
the current the height will be Ja, and if turned so that n is with 
the current as at J the height Jd will be less than the pressure 
head by an amount ed which is nearly equal to the velocity head. By 
means of this instrument very accurate results can be obtained, more 
especially for velocity, as, by taking the difference of two — the 
effect of capillarity disappears. 
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Exr..I. 7 in Fig. 5 is an elastic tube, through which a constant current 
of water is kept flowing: the end n of the tube is introduced through a small 
hole. 


Fre. 5. 


Volume of tube 7 = 7500 c.mm. 
Length = 285 c.mm. 
therefore mean area =500/19, 
discharge per min. = 410000 c.mm. 
therefore velocity = 410000 x 19 + 60 x 500 = 260 nearly. 


In tube ns the maximum and minimum heights were 27 and 20, 
therefore double the velocity head =7, 


therefore velocity = = 262°35, 
therefore error = 2°68. 


Hence the difference between the calculated and measured velocity 
was about 1 per cent. 

The following modifications were adopted when the pressure in 7' 
was high, Fig. 5. The end S was connected with a rubber tube P 
provided with a clamp. FP is also connected with a glass reservoir D 
containing air; this is covered thickly with cotton-wool, to prevent the 
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changes of temperature affecting the air. D is also connected with two 
rubber tubes Q and R provided with clamps; & is also connected with 
@ mercury manometer M. Let A and fh’ be the greatest and least 
heights in ns, and z the velocity and pressure heads, 6 the capillary 
height, then 

h=a+2+b, 


h’ =a2—2+5, 
therefore h —h’ = 2z. 


To work the apparatus, P alone is clamped and air is forced into D 
through Q till M indicates a pressure not very different from that which 
is supposed to exist in the tube 7’: then Q is clamped and the end n is 
introduced into the tube 7. 

At a point d in tube ns there was a fixed mark. 


Exp. II. Discharge of 7’ per min. = 560 c.c. 
Area of 7’ = 25°45 sq. mm. 

therefore velocity = 400 mm. nearly ; 

velocity head observed in ns = 8 mm. 


therefore velocity = ,/16g = 396 mm. giving an error 4 mm. 


Exp. III. On a dog under chloroform, The tube was partly filled with a 
solution of oxalate of potash to prevent clotting of blood as much as possible. 
The inferior mesenteric artery was exposed and divided and through it the 
end » was introduced into the abdominal aorta. When a clot obstructed the 
orifice at n a little air was forced into D which cleared the opening. | 

At the beginning of the experiment 

Height of fluid in ns = 145 mm. 

The velocity head was a little over 6 mm. indicating a velocity 
= ,/12g = 346 mm. 

The change of height in ns, due to pulsation, was 9mm, As the dog 
became more collapsed the pressure and velocity diminished rapidly and the 
observations became more difficult as the clot at » formed much more rapidly. 
Finally the velocity head became too small to observe. 


Exp. IV. The measuring tubes may also be used to show the effect of 
ligaturing a branch of a main vessel. 

Let 7 be a tube bifurcating into and F. with 
With Z unclamped, in D, Z, F respectively the pressure heads were 187, 
117°5, 13°5 mm. 


and velocity heads 18, 5-5, 7. 
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With Z clamped 
pressure heads became 228-5, 262, 153, 
velocity heads became 9°5, 0, 16, 


showing that the clamping increases the pressure throughout the fluid, and 
the velocity in a collateral branch. 


Energy of the circulation. 


For the left ventricle let H measured in cm. of blood represent the 
difference between the greatest and least pressures; Q the output in 
cubic cm.; V the whole potential energy of the mass of blood in the 
ventricle; 7’ the kinetic energy of Q as it passes from the ventricle; A 
the area of the aortic orifice and r its radius ; v the mean velocity of the 
issuing stream; ¢ the time of escape. Let accented letters represent 
the corresponding quantities for the right ventricle. 

Let X be the area of the ascending aorta, u the mean velocity of 
the blood in it; n the time of a cardiac cycle; h in cm. of blood the 
pressure in the aorta; p the specific gravity of blood. 


(i). 


I give an example of the use of the formule, adopting the following 
numbers. The density of mercury 13 times that of blood, the pressure 
in the aorta 16 cm. Hg., in the right ventricle 4 cm. Hg. The diameter 
of aortic and pulmonary orifices 2°5 and 3 cm. respectively, and of aorta 
28cm. The velocity in the aorta 32 cm. per sec. 

From (1) 

25° x vx 1=28*xux8; 
therefore v= 10u = 320, 
Q=5 x 320 x ‘1 = 160. 
From (ii) | 
H=h+320*/2 x 981 =h + 52 =h+4x 13; 
therefore H is greater than h by 4cm. Hg. 
From (iii) 


V =160 x 981 x 105g = 436809 ergs 
= "4368 kilogrammetres. 


From the theory of Hydrodynamics we have 
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Now V is represented by 20 and 7’ by 4; 
therefore V=5T. 
And since the output is the same for each ventricle 
PT: Aer’: 254=2:1; 


therefore T = 27", 
Also 
therefore vo = 222. 
Again 
therefore = 27”. 


Therefore in the pulmonary artery the potential energy is 4V’ 
which gives a pressure of 2 cm. Hg. 

With the numbers given in this example, we may draw the following 
conclusions. 

For the left ventricle the energy spent in overcoming resistance is 
four times that which imparts velocity. For the right ventricle both 
are equal. 

The output of each ventricle is 160 c.c. 

The mean velocity of discharge for left and right ventricles are 
320 cm. and 222 respectively. 

The pressure in the pulmonary artery is half that in the right 
ventricle. 

Assuming that a particle of blood starting from the ventricle returns 
thither after 28 beats, the whole quantity of blood in the body is 
28 x 160 = 4480 c.c. 

The work done in a single beat by the right ventricle is 44 kilo- 
grammetres nearly. 

In regurgitant disease the blood in the aorta next the ventricle has — 
a backward motion, and to this as well as to the contents of the 
ventricle a forward motion is imparted by the force of contraction, thus 
the kinetic energy is increased and therefore more work thrown on the 
heart. 


Wave Motion. 


The most difficult problem connected with the circulation is that of 
wave motion. In its simplest form it consists in determining the 
velocity of the wave in terms of the constants of the blood and the 
vessel wall, the motion being assumed irrotational. 
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In accordance with the usual assumptions of hydrodynamics small 
quantities of an order higher than the first are neglected. It is 
assumed as a result of experiment that there is no azimuthal motion 
about the axis of the tube; and to avoid the complication of gravity 
the portion of the vessel considered is supposed to be horizontal. 


The Lagrangian methods having the advantage of —. are 
adopted throughout. | 


The Equation of Continusity. 
Let 2 be the axial coordinate, and r the radius of a cross-section 


_ before the disturbance ; «+ £ and r+, the values of x and r at the end 
ofa time Then the elementary mass at rest becomes 


mp (r+n) (1 +d§/da) da 
in motion, Equating these we get 
2n + rd&/da = 0. 


Wave Motion in a distended uniform elastic tube. 
Let a be the radius of the tube in the undistended state, r the 


radius when the tube is distended by a fluid pressure p, the small 
increase in 7 at any moment during the passage of the wave. 


In the expression p=T/R+T/R 
R=yJi+y*; 

where y =dy/da and = d*y/da*. 

To the first order of small quantities 

R=y=r+y, 

For the present the term 7”/R’ will be neglected as it is very small 
compared with 7'/R. 

Now T = K(y/a—1), 


It follows from this that all particles which lie on a cross-section 
continue to do so during the passage of a wave; in other words, the 
axial particle velocity is a function of # and ¢ only. 


. dp _Kdy 
rda 
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The equation of motion is 


But Qn = —rdé/da, 


For shortness let c= K/2pr. 

Then E= f(a—ct)+ F (a+ ct). 

Taking the first term on the right of this equation. Since /(#— ct) 
is unaltered when 2 and ¢ are increased by cr and r respectively, it 
follows that the disturbance which existed at the point # at the time ¢ 
has been transferred to the point #+cr at the time t+7r. Hence the 
disturbance advances unchanged with a velocity c. Thus there is 
a progressive wave advancing with a velocity c in the direction of 
2- positive. Similarly the second term represents a wave travelling in 
the direction of #- negative. And any disturbance, under the given 
conditions, may be regarded as waves made up of those two kinds. 

If £/c = + 2n/r initially, the motion will consist of a wave system 
travelling in one direction only. Consider the positive wave 


E/o= 2n/r, 
(0 — dt). 

The particle is at rest until it is reached by the wave, i then moves 
forward with a velocity at each instant proportional to the radial 
extension. 

Again, | nedt = = volume of the portion of the wave, 


which has, up to the instant in question, passed the particle divided by 
the area of the cross-section. Finally, when the wave has passed, the 
particle is left in advance of its original position at a distance equal to 
the total increase in volume divided by the area of the cross-section. 
Thus the passage of a wave slightly inereases the velocity of the 
fluid. 

In the preceding investigation the term 7’/R’ has been neglected, 
this quantity, though small, is not infinitesimal, and in moderately large 
tubes will have a sensible value. In this case 


__ dp 

Pade da’ 
Km 

de pr? da” 

| 

K 
Qpr 
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= K (y*/2a—y) + ©, 
when yr, = 41 = 4K (= 1), 
=4Kr - 1) + Kn 1), 


The quantity involving 7 may be neglected, as it is to be multiplied 
by another small quantity, 


Introducing the space and time factor cos k (« — ct) 


K{2 
In this expression a minimum value of c with a variable radius is 
given by the equation 
which has always one real root. Hence, for a given wave length, the 
tube must be of a certain diameter before wave motion is possible. 


Amplitude of the Wave. 


Since 2n = — (x = ct), 
hence the amplitude varies as the radius, 

With the modifications already mentioned under Elasticity the above 
equations will apply to the arteries. 


T=Q+K(¥-1), 


(E-1)| 
Hence when the longitudinal factor is neglected 
2pr 
PH. XX, 28 
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And when it is not neglected | 
K-Q. 1 r 
K (= - 1)| er. 

The following deductions may be made from the formule. 

The square of the velocity varies inversely as the density of the 
fluid. 

The square of the velocity varies as the sum of two quantities, the 
one very great compared with the other, the greater varies inversely as 
the radius. Hence the less the diameter, the greater will be the 
velocity. 

The less elastic the vessel, the greater the velocity, 

The amplitude of the wave varies directly as the radius. Hence, in 
vessels of very small diameter, the pulse is imperceptible ; if, however, 
the vessels dilate, as in inflammation, the pulsations become percept- 
ible. 

Since, for a given. wave length, the artery must have a certain 
diameter before pulsation is possible, it follows that in compressing an 
artery the distal pulse disappears before the lumen is completely 
obliterated. This is one reason against the assumption that ‘the force 
of compression which eliminates the pulse measures the blood-pressure 
in a vessel.’ Other reasons are given under Velocity and Pressure. 
Therefore instruments made on this principle must be fallacious. 


Normally in a vessel the pulse wave is mainly the effect of lateral 
vibration. When however the pressure falls so low that 7’ ceases to be 
equal to 27” the longitudinal vibrations predominate. Thus in 
aortic regurgitation the range of pressure in the radial artery is very 
great, 50 to 100 mm. Hg (Roy); the lesser of these falls below the 
amount required to make 7=27” and longitudinal vibrations occur, 
which become visible as capillary pulsation. 


Wave Motion of a Viscous Fluid in an Elastic Tube. 
From the general equation of hydrodynamics, neglecting udu/da, we 
have 


and p=K (5-7) -4K (£-1) 33. 


| 
| Longitudinal Vibrations. 
du ldp, du 
dt pdx dx 
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also n=— fudt, 
therefore 
K ds 

1 

_ Introducing the space factor cos «z, 

therefore + ve = dit (c* — 

where 


therefore £=A exp (— $vx*t) cos (xx + a) cos «[tVc? — vn? —c*x* + B], 
where A, a and # are constants. ; 

Here « = and if =500cm. « < ‘02 and for water So 
that even if we suppose the viscosity of blood inside the body to have 
the same value as that found outside, that is, about five times that of 
water v < 05, therefore vx«*/2< ‘00002, and the reciprocal of this, the 
modulus of decay, is about 50,000 seconds, that is, it would take about 
this time for the amplitude to sink to one-third of its original value, 
assuming the tube to be of sufficient length Yor this to occur. Thus the 
effect of viscosity on the pulse is too small to be of any importance. 


Secondary Waves. 


Suppose (Fig. 6) the fluid in a tube to be divided into two parts at 
O by a membrane which can be set vibrating. When the membrane 


moves towards A a positive wave will be propagated along OA, and a 
negative along OB. If, however, the membrane be imperfect, then a 
wave partly positive, partly negative, will be propagated in both 
directions, 


28—2 
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In a similar manner the pulse wave is formed. For let O be a 
valvular opening. As liquid is forced from B into A it developes a 
positive wave along OB. Then, as the valve closes and moves as a 
whole towards B, a negative wave is developed in OA. On the motion 
towards B being arrested the valves again move towards A, giving rise 
to the dicrotic wave, which, strictly speaking, is not a reflected wave, 
but a direct positive wave due to the vibration of membrane. If this 
membrane were to become imperfect, the amplitude of the dicrotic 
wave would diminish, which is what occurs in aortic regurgitation. 
Without the membrane there would be no secondary waves. Also the 
sounds of the heart are produced, in all cases, by membranous vibration, 
and not by the fluid friction; as the velocity is too small to produce 
audible sounds by this means. 


Examples on pulse velocity. 

The values of X and Q under elasticity must be multiplied by g to bring 
them to dynes before they can be used in the formule of wave motions and 
the pressure being supposed to induce a tension equal to 200 grms. 

Employing the simplest formula, 


K-)9 
2er 
(1) For a child aged 2} X, Q and ¢ are equal to 2770, 130, and 5°8, 
2640 x 981 
therefore x 68 2126305, 
therefore C = 14°5 metres. 
(2) For a man, aged 22, R, Q, r= 3103, 150, 
2953 x 981 
therefore 2108x141 1254066, 
therefore C=11°2 metres. 


TABLE DEDUCED FROM Rovy’s Curves. 
This Jowrnal, Vol. IIL 
curve age xt, l 2er r Q Cc 
12 24 18 23 28-4 363 58 2770 130 145 
38 30 45 4613 693 11 $3103 4150 11:2 
15 76 49 55 61°7 692 11 3485 160 118 
16 71 45 52 53-9 623 10 3952 110 133 


l, and r, are the unstretched length and radius of a strip of vessel 1 cm. wie, bands 
their values under a transverse tension of 200 grms. 
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ON STRUCTURAL CHANGE IN THE RESTING NUCLEI 
OF PROTOZOA. PART I. THE MACRONUCLEUS 
OF CARCHESIUM POLYPINUM. By M.GREENWOOD, 
Girton College. (Plate IV.) 


(From the Physiological Laboratory in the University of Cambridge.) 


IT is now more than three years since, in the course of some ex- 
periments on protozoan digestion, I noticed certain remarkable 
structural characters in the macronucleus of Carchesium polypinum. 
These characters, demonstrable in the macronucleus in its maturity, 
and at the close of a long experiment on digestion seemed to me 
to point to the occurrence of striking histological change, and at 
the time I associated this change with vigorous ingestion and solution 
of food.- The work of many months has shown me that such simple 
causal connection cannot be established, but the structural varia- 
tions are undoubted and, I think, deserving of detailed description. 
I am obliged, however, to approach this description indirectly, for, 
as divergent judgment has found expression in the complex and 
even discordant terminology of the metazoan nucleus, so there is 
hardly an accepted nomenclature for the more rarely studied nuclei 
of the protozoa. And although I am concerned primarily with 
the nucleus of one form (and that one of the somewhat specialized 
colonial vorticellidw) and have experimented with other Protozoa 
in this connection only rarely and incidentally, I am anxious to 
emphasize such agreement as exists between these and earlier 
records. 

I propose then to consider successively :— 

A. The nature and nomenclature of the structural elements 
demonstrable in the macronucleus of Carchesium polypinum ; 

B. The histological changes which these elements may display 
in the mature macronucleus ; 
-. ©@ The relation of such changes to the functional condition of 
the cell. | 
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The choice of Carchesium polypinum was determined by the size 
and distinctness of its nuclear constituents, and by the fact that long 
use has made me familiar with the structure and habit of the animal. 
It is a relatively large and transparent form, markedly voracious; the 
macronucleus when brought out by lesion or by reagents is especially 
conspicuous, the micronucleus except during its special, recurrent 
activity is obscure. I will in the following pages (which have 
to do only indirectly with conjugation and its attendant 
phenomena) use the shorter term nucleus to indicate macronucleus, 
except when the context seems to call for a discriminative 
prefix. 


A. The nature and nomenclature of the structural elements 
demonstrable in the macronucleus of Carchesium Polypinum. 


At least two difficulties stand in the way of adequate treatment of 
this part of the subject. Firstly, there is no structural constituent that 
does not vary in clearness, in disposition or in character, nor is even the | 
position of the nucleus absolutely constant; thus the selection of a 
given phase of structure for description has in it something arbitrary. 
Secondly, without definite nomenclature or some awkward periphrasis 
those histological changes of which a later section treats can hardly be 
described, and yet the nomenclature wins support from them also. 

It is, however, convenient and I think not unfair to choose for 
introductory description a polype taken from a healthy colony which 
has been but recently caught and mounted. In such a polype (which 
has had abundance of water and air, and sufficient bacterial food) 
the long curving nucleus lies peripherally in the cell, forming an 
imperfect spiral through its substance or more rarely an encircling 
zone (Fig. 1). 

I distinguish in it four elements : 

1, The nuclear membrane, which, structureless and always marked 
off from its surroundings by contour rather than colour, is demonstrable 
with difficulty in this stage. 

2. The nucleochyme. 

And besides these constituents which have not been made the 
subject of great controversy in the literature of the nucleus, formed ~ 
elements of two kinds. 

8. The nucleochyme is crowded with fine highly refractive granules 
(Figs. 1, 2, 3a, 12). 
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4. Larger masses of substance lie among these, rounded in shape, 
or bluntly angular. Some may abut on the nuclear membrane but the 
majority lie more deeply and thus in optical section are hidden by the 
smaller granules except at a certain focus (Figs. 1, 2, 7 ¢ and d). 

I have been unable to demonstrate in the nucleus of Carchesium 
any structural constituent which cannot be included in this classifi- 
cation. 


The fine granules of the nucleochyme. [Protomicrosomes.] 


In the face of recent work upon the structure and organization 
of the cell it is inevitable that certain questions should greet the 
description of any unfamiliar grouping of granules: such questions are, 
—do the granules pre-exist or are they formed post-mortem by 
precipitation ?—are they free or the nodal points of a network? No 
answer can be found in examination of the living cell here for the 
nucleus is hidden during vigorous life ;—the substance of Carchesium, — 
however limpid it may be through absence of ingesta or of structural 
granules, is a screen as perfect as is the. protoplasm of a hyaline 
leucocyte to the nucleus which it contains and hides. Many forms 
of lesion, notably lack of oxygen or excess of carbonic acid, bring out 
the nucleus in Carchesium, but inference drawn from the study of 
dying tissues cannot have great independent value, and I trust rather 
to the rapid fixative action of formaline vapour (used alone or followed 
by staining) and to that modification of Loeffler’s methylene blue 
which has been used with effect by Kanthack and Hardy’ in their 
study of the activities of leucocytes. This fluid which, acting on 
fresh tissue, stains as it kills may yield preparations which are 
temporary indeed, but are quite without distortion or shrinkage. And 
both reagents harmonize with such fixatives as alcohol and corrosive 
sublimate in demonstrating the presence of minute granules in whose 
definite outline there is indeed no likeness to the irregularity of 
precipitated particles (Figs. 3a, 12). These granules stain with gold 
chloride*, with picrocarmine, and faintly with Heidenhain’s iron- 


1 The names of the Authors to whom I refer (with their appropriate works) are 
arranged in alphabetical order at the end of this paper. 

2 I subjoin a brief statement of the experimental methods followed throughout these 
observations. Picrocarmine and saffranine were used for tissues hardened in osmic acid 
or its vapour, or in Flemming’s fluid. Eosin in weak alcoholic solution, methylene 
blue in alcoholic and aqueous solutions, the well known Ehrlich-Biondi’s fluid and 
M. Heidenhain’s iron-hematoxylin stain followed corrosive sublimate or strong 
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hematoxylin; with eosin they colour only when the whole tissue 
of the cell is loaded indiscriminately with the stain; in Ehrlich- 
Biondi’s fluid they become blue or blue-violet. With methylene blue 
they react but not intensely or selectively even when it is used in weak 
alcoholic or aqueous solutions; it may be said briefly that they 
show affinities for basic dyes but are not strongly basophile. 

There is yet another microchemical reaction which can hardly 
be disregarded in a histological examination of nuclei,—the reaction 
which indicates the presence of iron, In a paper published some 
months ago, Macallum set forth in brief the records of earlier 
writers dealing with this point and added a mass of new observations 
on the nuclei of animal and vegetable cells, These led him to the 
conclusions “that a substance in which iron is firmly held is a constant 
constituent of the nucleus”...and that “the amount of iron thus 
demonstrated [by the Prussian blue reaction] appears to correspond in 
all cases with the amount of chromatin present.” 

I find in the nucleus of Carchesium a marked reaction with 


alcohol, Formaline was used sometimes as a fixative alone, sometimes as a . fixative 
before alcohol. The specimens thus prepared were mounted as transparent objects 
or (more usually) examined in serial sections, but the modification of Loeffler’s 
methylene blue, of which I have spoken (containing less methylene blue than the 
original fluid and a trace of osmic acid) was applied to living polypes which were then 
studied in optical section. Preparations made by means of this solution I used 
as standards in estimating the structural change which the nucleus may exhibit, 
the results being controlled in many cases by sections of hardened cells. The micro- 
chemical reactions which demonstrate the presence of iron in living substance have been 
discussed exhaustively by Macallum in the Quart. Journ. Mic, Sci. Vol, 88, 1895. I 
need only say here that by the term masked iron I refer to iron which is so held 
in combination with tissue that it cannot be detected by the usual tests without special 
preliminary treatment. Thus, if Oarchesium remains colourless in acid potassium 
ferrocyanide, while brief stay in the same reagent brings out deep blue colour in the 
nuclei of polypes which have been for twelve hours in acid alcohol, I think it fair to say 
that masked iron, present in the nucleus, has been freed by the long action of acid. Such 
an inference is clearly open to one criticism ; how far does this method permit of the 
localization of the iron? Its existence is clear, but since the acid alcohols are 
recognized agents for the extraction of inorganic iron will their action end with 
unmasking; will not (at least) incipient extraction result in purely post mortem 
diffuseness? Macallum has considered this difficulty, and thinks that it may be met 
by the use of alcohol containing sulphuric acid (100 vols. alc. 95 p.c. + 4 vols, conc. H,580,) 
which frees the iron with imappreciable concomitant extraction. I have used this 
solution, taking careful precautions against the intrusion of iron as an impurity in 
apparatus or reagents, and the results do, I think, confirm the view that accurate 
localization is possible. 

Of the ‘‘ammonium hydrogen sulphide test” I have made use as a control, but the 
standard test for the presence of iron has been the Prussian blue reaction. 
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potassium ferrocyanide after the iron has been suitably “ unmasked” 
by treatment with acid alcohol, and thus I confirm the results obtained 
by Macallum in the nuclei of Epistylis and Vorticella; I find too that 
the reaction is not indeed limited to the granules of the nucleochyme 
but is given abundantly by them. It is usually difficult to trace outlines 
of discrete granules in the deep blue stain which the mass or “stroma” 
of the nucleus exhibits, but this can be done sometimes; it is clear 
that optical arrangements (brilliant light and a widely open diaphragm) 
which emphasize colour under the microscope impair definition, and 
that such an effect as that indicated in Fig. 4b might well be induced 
by the superposition of minute blue granules, uniformly stained. 

I have seen no appearances which led me to look upon these 
granules as the nodal points of a network. Certain faint staining 
of the nucleochyme in which they lie may throw them up as if in relief 
as minute unstained spheres, but no reagent gives indication of stained 
or defined threads joining the granules. And slight displacement in a 
thin section or in a teased nucleus may make their separateness clear. 

Thus I conclude: in the macronucleus of a well-nourished 
Carchesium minute spherical granules lie freely. They are 
separated individually by a minimal amount of nucleochyme 
and imperfectly divided into areas or groups by the second 
“formed element” of the nucleus. These granules are not 
strongly chromatophilous but show affinity for basic dyes; 
iron may be unmasked in them after death and detected by 
acid solutions of potassium ferrocyanide. 


The larger masses of substance which, in the macronucleus of Carchesiwm 
lie among and may be distinguished from the fine granules of the 
nucleochyme. [Protomacrosomes.] 

The second formed element is that in which structural variations 
are especially striking. In the well nourished polype which I am 
considering now it is arranged in small masses or lumps, distinguishable 
from the granules of the nucleochyme by configuration, disposition, 
and commonly by size and affinity for dyes. These bodies are 
spherical, elongated, or bluntly angular, the largest forming an 
irregular axial row along the nucleus (Figs. 1, 7), smaller fragments 
lying more peripherally (Fig. 10a). I have implied that their 
outlines and smooth aspect become clear in unstained nuclei, only at 
a certain focus; all the nuclear stains which I have used however 
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differentiate them more or less clearly from the granules of the 
nucleochyme. 

Picrocarmine, hematoxylin, saffranin colour them deeply, they 
reduce gold-from its solutions and retain very persistently M. Heiden- 
hain’s iron-hematoxylin stain (Fig. 10). They are deeply blue after 
treatment with Canon’s fluid (Fig. 8), and stain slowly but selectively 
with dilute “osmic methylene blue'.” On the other hand the mixed 
reagent known as Ehrlich-Biondi’s fluid gives a sharply contrasting 
picture, the blue or violet granules of the nucleochyme forming a basis 
in which are imbedded bright red spheres or lumps. A comparatively 
deep stain is also taken up from weak alcoholic solutions of eosin 
(Fig. 4). 

The reaction with indicators of the presence of iron is somewhat 
difficult to evaluate. I have implied that inorganic iron was absent from 
all parts of the nucleus; in specimens stained after the “ unmasking” 
action of acid there is at most very slight indication of the existence of 
larger lumps or spheres in the general blue basis which is the resultant 
effect of minute stained granules. But colourless vacuoles may stand 
out clearly in tissue giving a marked “Prussian blue” reaction, I 
conclude then that the bodies which if they show no local deepening of 
tint also show no local paling do hold iron. It is clear that the 
content must be slight, and the effect of a dye like eosin superposed on 
the blue stain is confirmatory of this. Fig. 4a and b (which however 
represents a nutritive condition with which we are not concerned here) 
may be taken to illustrate this point. In Fig. 4b the nucleus has 
been stained by momentary treatment with acid potassium ferro- 
cyanide; Fig. 4a is taken from a member of the same series of sections 
which has been further stained with eosin. It is seen that the eosin 
not only reveals spherical lumps of matter which were obscured before, 
but that their proper blue tint has been too faint to give the eosin red 
a distinct violet tone. | 

It may be said briefly that among the granules which fill the 
nucleochyme of Carchesium lie larger masses of substance 
varying slightly from the spherical shape, and unlike in 
size but always larger than the minute granules which 
surround them. They have also greater affinity for dyes, 
but show this complexity, that, taking up methylene blue 
upon occasion, they also stain clearly red with acid fuchsin 


By this term I refer to the modification of Loeffler’s methylene blue mentioned 
above, p. 429. 
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and eosin, and thus show a qualitatively different reaction 
as well as a difference of degree. They hold masked iron, 
but not abundantly. 


I have given without comment a brief description of the two formed 
elements in this nucleus in order to bring out not how they change, but 
what are their characters in one phase and that a common phase 
of structure. Thus may they be compared with bodies of which earlier 
records speak and the justice of the nomenclature which I suggest, 
recognized or denied. I propose to speak of the fine granules as 
protomicrosomes, of the larger masses as protomacrosomes, and on 
the following grounds. 

In records of Infusorial histology and indeed in descriptions of other 
Protozoa there has long been mention and representation of structures 
which I believe correspond to the protomacrosomes. Development of 
method with the adoption of “ chemical” stains has led to the emphasis 
of now one and now another aspect-and has affected the descriptive 
terminology ; I think, however, that such comparable structures are, the 
chromatic framework with nodal knots or thickenings described in 
_Infusoria by Jickeli, the nuclear ribbons (cordons nucléaires) which 
Balbiani figures in the jointed macronucleus of Loxophyllum, and the 
erythrophile lumps or strands which Zoja has named more lately as a 
nuclear constituent in many allied forms. But these erythrophile masses 
are clearly indicated by Biitsch!i among the endosomes (Binnenkérper) 
which he describes in Infusoria, and Rhumbler, adopting the term and 
defining its meaning by unique interpretation of the histological 
appearances in certain Foraminifera, acknowledges that the structures 
thus named by him are the nucleoli of other authors—of Hertwig, of 
F. E. Schulze, of Schaudinn. The endosomes are regarded by 
Rhumbler as no true morphological element but (using the term in 
a wide sense) as reserve material deposited by the cell for use in 
subsequent metabolism; they are shaped after deposition by the 
conditions of their physical environment. At the period of fullest 
development they stain weakly with carmine, and turn reddish in the 
presence of methyl green and eosin; they are, however, resistant 
to stains at this time, Rhumbler’s theory of the origin, fusion 
and dissolution of these bodies, appears to me a somewhat strained 
interpretation of experimental facts, and a grave hindrance to the 
adoption of his nomenclature in the case of the nucleus of Carchesium. 


The fine granules which I propose to distinguish as protomicrosomes 
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have been described with less constancy. In Jickeli’s account of the 
nuclei of Infusoria the mention of an achromatic ground substance with 
fine chromatic granules scattered through it is suggestive, and Balbiani 
in the interesting study of the nucleus of Loxophyllum to which I have 
referred, figures in no great detail, but describes with some emphasis 
certain minute granules which lie closely in the nucleochyme and thus 
surround the nuclear ribbons. Visible in the living animal under some 
compression, they are preserved by reagents and stain as do the chromatic 
portions of the nucleus but less deeply. They are uniform in size in a 
given nucleus but come and go in the life history of the cell, disappear- 
ing, it would seem, in certain stages of nuclear division, to reappear 
later. Granules which resemble these have becn observed in other 
species of Infusoria (according to Henneguy) by himself, by Sche- 
wiakoff and by Fabre-Domergue; they seem to me wholly compar- 
able with the protomicrosomes of Carchesium. | 

_ I may here recall the fact that there is scattered evidence of the 
existence of suggestively similar granules in the nucleochyme of more 
highly specialized cells: such are the granules Reinke has demonstrated 
on treatment with lysol in certain cells of the Salamander, such too is 
the granulation seen in life and stained post mortem by Krasser, who 
studied resting nuclei in the cells of Allium and Elodea. And the 
oxychromatin granulation which has been emphasized by M. Heidenhain 
in his later work is so marked. that upon occasion and with certain 
specific reagents the nucleus may appear as if invested by a “colony of 
micrococci,” These rare points of likeness may indeed be regarded as 
coincidental, and I do not instance them as supporting strongly either 
description or nomenclature in Protozoa; but in one simple metazoon, 
Korschelt describes larval nuclei which appear to me most striking, 
considered alike in relation to the cells of vertebrates and to the protozoan 
eell, Carchesium. The nuclei in question are taken from the spinning 
gland cells of certain caterpillars, notably the caterpillars of Pieris 
brassice, and the observations are made on the large, branched, 
living cells and extended by the study of hardened tissue. By such 
means Korschelt distinguishes (1) a coarse framework of substance, its 
conspicuous, irregular nodal points (which vary in distribution, in form 
and in size) joined obscurely by delicate, ill-defined fibres; (2) a fine 
granulation, the granules varying in size and distinctness but existing 
throughout the nucleus to the occasional exclusion of the coarser frame- 
work in the meshes of which they usually lie. The nodal points of the wide 
meshed framework are the macrosomes, the fine granules are microsomes. 
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These bodies react distinctively to stains, the distinction being qualita- 
tive or one of degree. With borax-carmine, alum-carmine, hematoxylin, 
and M. Heidenhain’s iron-hematoxylin, the macrosomes stain more 
deeply than the microsomes; but a qualitative difference becomes clear 
in Biondi’s solution or in Flemming’s “three colour mixture’.” It is 
of such a nature that in the former case the macrosomes stain green and 
the microsomes red (excess of methyl green being present), while care- 
ful use of Flemming’s stain followed by thorough washing reveals the 
macrosomes as yellow brown bodies lying among violet microsomes. 
By the last named stain and by some others, further complexities of 
structure may be demonstrated in the macrosomes ; they can be resolved 
at times into a homogeneous basis bearing on it granules of the size and 
reactions of the microsomes*. Of the delicate threads which are indi- 
cated in these nuclei during life, stained specimens show no trace; 
Korschelt postulates their existence however: we have to deal, he 
thinks, with an inconspicuous linin framework with which at certain 
points chromatin holding bodies—the nuclear macrosomes—are fused : 
the linin takes no stain and thus in hardened specimens the macrosomes 
appear free. 

It is clear that although the harmonious interpretation of these 
appearances presents difficulties, the description is suggestive and of 
interest, and Korschelt compares his records at some length with 
those dealing with the nuclei of more specialized cells. I would empha- 
size rather the likeness to protozoan nuclear structures, pointing out on 
what grounds I have chosen a modification of the nomenclature proposed 
by Korschelt for this larval arthropod nucleus to indicate the most 
striking elements in the nucleus of Carchesium. | 

In an earlier part of this paper I have spoken of the doubtful 
nature of existing nuclear terminology in the Protozoa, and of the 
appropriation of the term endosome by Rhumbler. so that it cannot 
be of general application, and I would urge now that to speak of what 
I have called protomacrosomes as nucleoli is to-give the name of a 
specialized structure in the metazoan cell to a body not wholly com- 


1 The colours are Saffranin, Gentian Violet and Orange. 

2 I have made mention here only of the most differential effects obtained by 
Korschelt. He points out in description that the contrasting green colouration of the 
macrosomes (Biondi’s fluid) is fixed with some difficulty and Figs. 33, 35 and 36 of his 
_ paper represent nuclei stained only in different shades of red by Flemming’s three- 
colour mixture. It seems fair, however, to quote as successful what is apparently 
the extreme point of selective staining. Hermann’s solution, Flemming’s fluid and 
corrosive sublimate are the hardening reagents used by Korschelt. 
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parable with it. For although in many metazoan cells the nucleolus 
has not been intimately studied or even described and although the 
analytic action of chemical stains has been evaluated for cell granules’ 
rather than for nuclear structures, there is much evidence of characters 
and reactions which differentiate the nucleolus from other components 
of the nucleus’. 

In the case of plant cells the micro-chemical experiments of 
Zacharias and Schwarz on nuclear solubilities are well known and 
the differential terminology formulated by these writers is considered if 
not always adopted by more recent students of animal cells, Among 
these Reinke is marked out by the peculiar character of his micro- 
chemical tests, but in his hands the nucleolus reacts as distinctively with 
lysol as it reacts in the hands of other workers with solutions of alkalis, 
solutions of salts, or artificial gastric juice. | 
The affinities for dyes are also on the whole definite and concordant. 
In this regard too the nuclei of plant cells have been analysed with 
especial care and, apart from such exceptional records as those of 
Strasburger concerning the sexual cells of Gymnosperms, we find the 
oxyphile (erythrophile) character of the nucleolus generally demonstrated 
—as by Rosen and by Schéttlander—while chromatin as generally 
combines with basic dyes. And the observations of M. Heidenhain, 
of Lénnberg, of Gulland, of Macallum indicate the oxyphile cha- 
racter of the nucleolus of animal cells and the basopbile nature of chro- 
matin, or, to express the phenomena in Heidenhain’s own terms, the 
prominence of basi-chromatin in the nuclear framework,—the lack of it 
in the nucleoli. The statements of Macallum on this point have 
especial interest, for whereas other observers analyse by means of com- 
plex stains in which as a rule acid fuchsin forms a constituent he obtains 
selective staining in the liver cells of Necturus with the pure acid dye, 
eosin. 

Lastly, Macallum has shown that the iron content of these oxyphile 
(true) nucleoli is small. 

Thus it may be said that, considered from the micro-chemical stand- 
point only, the true nucleolus of the mature cell is distinguished by 
definite reactions. Staining with many non-differential nuclear dyes it yet 
stands apart from chromatin, marked by its poverty in iron, its attitude 


_ 11] refer throughout to the nucléoles vrais, tne Hawptnucleolen or Echtnucleolen 
of histologists. Local accumulations of the chromatin framework resembling it in 
reactions are found not infrequently, and to them the term nucleolus has also been 
loosely applied. 
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towards various solvents, its lack of basophile matter, its affinity for acid 
stains. Can it be shown that the protomacrosomes of Carchesium are 
bodies of ‘this nature? They are poor in masked iron, they stain readily 
with non-differential dyes, and selectively with acid fuchsin and eosin; 
thus certain points of resemblance are clear. Nevertheless the affinity for 
“osmic methylene blue” (which distinguishes them I may say from typical 
oxyphile granules) hints at complexity of constitution which is further 
disclosed by the structural changes in them which have yet to be de- 
scribed. And thus, although on purely micro-chemical grounds the 
rejection may be difficult to justify, I would not use here a term which 
like “ nucleolus” indicates specialization which has occurred rather than 
differentiation which is yet to come. 

The nomenclature of Korschelt, insisting upon the salient if un- 
explained feature of contrasting size in the nuclear constituents does not 
prejudge the question of their composition or activities, and I have 
pointed out the notable likeness borne by the larval nucleus he describes 
to the macronucleus of Carchesium. Yet differences exist: I find no 
indication in Carchesium of permanent linin threads joining the larger 
masses of chromatophilous substance, and though it be hard to prove the 
absence of a delicate non-staining network it would seem capricious to 
assume that the bodies sketched in Figs. 3, 4, 8, 10, do not lie freely, 
Further, I have said (confirming Zoja) that in Carchesium the fine 
granules of the nucleus are basophile [cyanophile]; but the microsomes 
of the nuclei which Korschelt describes may combine with gentian 
violet and again with acid fuchsin, that is, with dyes of unlike constitu- 
tion’. Because these differences exist and because I am speak- 
ing of protozoan cells in which specialization is yet new, I 
have chosen a modified terminology and speak of proto- 
macrosomes and protomicrosomes, In the pages which follow, 
however, I propose to drop the distinctive but clumsy prefix 
where such abbreviation introduces no confusion. 


_B.. The histological changes demonstrable in the mature 
macronucleus of Carchesium. 


The variations which I wish to describe concern the mutual 
relations of all the constituents of the nucleus and the structure 
of the microsomes and macrosomes, but, superposed on these are 


1 Op. Korschelt, loc. cit. Figs. 31, 32, 34. 
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certain larger changes of form which, characterizing the nucleus as 
a whole, ask for brief notice. The mobility displayed by the macro- 
nucleus during the phenomena of reproduction is familiar,—its 
shortening before equatorial constriction when Carchesium multiplies 
by fission, its spherical or ovoid form in an encysted polype, the 
segmentation which constantly attends conjugation. But apart from 
these changes, with which a study of the “resting” nucleus has but 
indirect concern, I notice that at times there is variation from its 
typical form and position, and that in two directions. There: is on 
the one hand a maximum of extension; the nucleus has at such a 
time its most superficial position; it is long, curving through the 
cell in a rudimentary spiral, its substance is full, not shrinking 
readily under the action of reagents, but obscuring the nuclear 
membrane (Fig. 9 a). But on the other hand there is a shrunken 
or contracted form, lying more deeply within the endoplasm, showing 
(it may be) local irregularities of contour, or sharply bent upon itself. 
In this form shrinkage of substance or folding tends to bring out the 
nuclear membrane (Fig. 9 b). And lastly I notice, independently of 
the process of conjugation incipient, incomplete, and (in one case) 
complete segmentation (Fig. 6). In non-conjugating specimens of 
Paramecium caudatum Jickeli has described a comparable nuclear 
segmentation bound up, in the case of Paramecium, with continued 
absence of light. 

‘With no one of the minute variations which I will now describe are 
these larger changes necessarily associated; thus it is clear that one 
out of many possible combinations of mobile structures constitutes “the 
merece at any moment of time. 


The protomacrosomes. 

A comparison of Figs. 1, 7 and 10 will make it clear that the 
macrosomes vary in size. Not only is this inequality demonstrable 
in different nuclei so that the sparsely scattered fragments of Fig. 4 
represent the relatively massive lumps sketched in Fig. 7 a, but in 
one nucleus an axial row of macrosomes flanked by others of much 
smaller size forms an arrangement as characteristic as is uniform 
distribution of. macrosomatic substance (Figs. 10 a, 8, 12). A com- 
parable but slighter disparity in the size of the nuclear macrosomes 


is demonstrated by Korschelt in the cells which he examined, and 
he points out further that variations in shape are clear. In Carchesium 
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too the shape is changeful; approximately spherical in many nuclei, 
in others the macrosomes may be bluntly angular, irregularly curved 
or elongate (Figs. 1, 11 a). Acute angles or filiform processes are not 
characteristic; there is rather mimicry in miniature of the rounded 
curves of lobate pseudopodia. And the mobility suggested by this 
likeness to recognized amoeboid structures is further indicated by 
variations in the union of the macrosomes. Infrequently, instead of 
scattered bodies an irregular network marked by like reactions is found 
' (Figs. 4 c, 10 b) or an axial rod with or without blunt projections runs 
through the nucleus (Fig. 14). The network recalls Jickeli’s descrip- 
tion of a chromatic framework, massed here and there into knots 
in the nucleus of Infusoria; the axial strand was figured by Greef in 
Epistylis from the more imperfect histological preparations of twenty 
years ago, and it is very suggestive of the ribbon (cordon nucléaire) 
which curves or coils through the nuclear segments of Loxophyllum' 
(Balbiani). I have spoken above of the absence of evidence that a 
permanent connecting network exists in the nucleus of Carchesium 
and the variety of appearance described now rather speaks for its 
non-existence. Indeed although the direct observation of amceboid 
activity is impossible in the living cell, since in such cells the nuclei 
are hidden, although I regard it as improbable that the macrosomes 
pass quickly from perfect freedom to complete fusion, the evidence 
that they do show actual and considerable mobility seems fairly clear. 
In addition to these changes of shape, of size and union, the 
macrosomes of Carchesium exhibit marked changes of texture. One 
such, occurring rarely, has interested me because it hints at a com- 
plexity of build which may explain that dual affinity for dyes of 
opposite nature of which mention has been made. It is of such a 
kind that the macrosomes which as a rule are homogeneous appear 
turbid or even clearly dotted; there is a granulation of their substance 
which stains deeply with methylene blue, while some supporting basis 
remains colourless (Fig. 12). Now macrosomes stained with acid dyes 
are of especially homogeneous aspect,—smooth and uniform as one 
might picture coloured drops of myelin; may it not be that they are 
built up of at least two substances and that, rarely, the basophile 
constituent is separated out in this distinct granulation? There are 
phases of nuclear structure in which I have never seen this phenomenon, 
1 It is interesting to note that this nuclear ribbon breaks into segments under 


treatment with some reagents. It may be that this ready cleavage, figured by Balbiani, 
indicates preexisting segmental structure. 
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so I must leave the suggestion without further support; but readers of 
Korschelt’s paper will remember that in some glandular nuclei he 
describes the chromatin masses as made up of fine grains, hinting that 
the microsomes by union, condensation and possible change of substance, 
may form macrosomes, the converse process being also conceivable ; in 
one figure (Fig. 82) differential staining is represented. It would 
seem that Korschelt accepts for the arthropod macrosomes a structural 
complexity of which the beginnings may be ierusoniyes in those of 
Carchesium. 

I turn now to describe a last change of texture, namely, that bound 
up with vacuolation ; it was this which formed the starting point of 
my work on the nuclei of Infusoria and the difficulty of interpreting its 
meaning in the metabolism of the cell has never made me think it less 
striking ; indeed were it not that any local accumulation of fluid within 
protoplasm is, by definition, a vacuole I should wish to use a more 
distinctive term. Yet it is essentially an accumulation of fluid, constant 
in fashion, varying in degree; the centre of a macrosome is affected 
first—a small solitary vacuole never developes as a peripheral bulla, 
but lies in the midst of unchanged substance. When many small 
vacuoles co-exist, optical section of the nucleus shows that they lie 
deeply ; further increase of fluid is centrifugal and may be so marked 
that only a thin bounding shell of unaltered matter remains (cp. 
Figs. 2 b,3 band 7). In cases of less extreme change and especially 
where the deposition of fluid has started at more than one centre, 
delicate partitions may stretch through the investing shell, and they 
have curiously rectangular attachments so that the contained vacuoles 
look polyhedral rather than spherical. 

I note that the substance of the macrosomes may display this 
vacuolation whatever its arrangement. In such relatively large bodies 
as are sketched in Fig. 3 it is usually seen in the most striking and 
characteristic fashion, but small outlying macrosomes (where such are 
present) may show it, and vacuolar deposits may be seen in the coarse 
macrosomatic network, or the axial bar (Fig. 14). The vacuolation of 
a network has this result, that protomicrosomes impinge upon the 
outside of any bar or strand while its interior is hollowed by the 
deposition of axial droplets, which tend to fuse to a continuous, fluid 
core. Where large and small macrosomes co-exist vacuoles may 
appear in the larger, while the smaller are homogeneous. 

A quite comparable difference is also demonstrable in the long- 
jointed nucleus of Spirostomum. In the smallest joints or segments 
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of this nucleus or at the junction of successive segments the largest 
macrosomes lie, and at times when they are clearly vacuolate others 
which, neighbouring or remote are smaller, may show no loss of homo- 
geneous aspect (Fig. 5). 

The nature of the fluid which is thus secreted is obscure; it does 
not hold masked iron, nor does it stain readily, and, the reaction of 
the vacuolate macrosomes being feebler with basic than with acid dyes, 
I conclude that there has been important loss of basophile substance. 


So striking a structural peculiarity as this vacuolation could not but 
be noticed by earlier workers on the Protozoa; thus, it is clearly figured 
by Greef—but the vacuolate macrosomes are described by him as 
“corpuscles with double contour.” In Balbiani’s figure of the nuclear 
ribbon of Loxophyllum segmented by reagents, there is indication of 
vacuolation ; it is noticed and figured by Lister in Polystomella. Yet 
the lack of stress laid upon the phenomenon by these and other 
observers (who were indeed concerned with other special points) 
‘indicates that it has not been studied in its different phases, possibly 
not in its extreme and most striking form. Rhumbler in his account 
of the endosomes of certain Foraminifera does consider the question of 
their varying texture, but associates vacuolation with passive change in 
them brought about by the activity of neighbouring protoplasm. But 
I find it difficult to believe that the macrosomes of Carchesium have 
but a passive réle. I have watched in detail the deposition and solution 
of such intra-cellular proteid masses as the nutritive spheres of Hydra 
and have, in the same animal, seen some stages of the process by which 
primitive secretory granules are used in digestion. And it is demon- 
strable that the nutritive spheres are formed by precipitation and 
partial dehydration in an intra-protoplasmic vacuole, that the secretory 
granules are dissolved by appreciable surrounding fluid. Indeed, every 
detailed record of the digestive process watched in living Protozoa 
may be quoted as illustrating the secretion of solvent fluid round 
foreign matter upon which the substance of the cell thus acts indirectly. 
But no vacuoles surround the macrosomes of Carchesium at any time, 
nor do they ever show general increase of fluidity or swelling such as 
might accompany the penetration through them of some secretion from 
without. They are never distorted by crumpling or shrinkage and, as 
I have pointed out above, the deposition of vacuolar fluid is centrifugal. 
A combination of two of the characters which I have thus described in 
the macrosomes, namely, great inequality in size and partial vacuolation 
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has led some observers to suggest that large nucleoli may break into 
small ones; Rhumbler would reverse the interpretation, inferring fusion 
rather than separation of the endosomes. But it would seem that in 
Carchesium both processes oceur; the axial rod sketched in Fig. 14 
can only have been formed by fusion: on the other hand in the 
macronucleus of any polype which is undergoing fission, the macrosomes 
are shortly filamentous (Fig. 11 b); thus it is clear that some of the 
bodies which are their precursors are larger than they. 

In regard to the protomacrosomes of Carchesium then, I conclude 
that they are bodies possessed of a high degree of mobility. 
They vary in size, in shape, in disposition (lying freely or 
fused to a coarse network or to one axial strand), but the 
mechanism by which these changes are effected is obscure. 
A remarkable vacuolation is evident within the macrosomes 
upon occasion, the deposits of clear fluid being in some cases 
minute and central but in other cases, invading the substance 
which surrounds them; thus the macrosome may become a 
bladder-like or honey-combed structure, its residual solid? 


forming a well defined membrane-like investment for fluid 
contents. 


The Protomicrosomes. 


The structural changes of the microsomes are obscure. At their 
largest these bodies are so small that I do not find it possible to trace 
their outlines through the camera lucida; they are smaller than many 
of the highly refractive granules which are scattered through the 
extra-nuclear protoplasm. Yet the effect which they produce in 
combination varies much. At times they crowd the nuclear substance, 
giving to it a coarsely granular aspect and obscuring the underlying 
macrosomes at any focus. At times again they are distinct but still 
more minute, standing out as bright spherical points (in formaline 
specimens) upon a background of some homogeneous medium; and 
there are conditions in which discrete granules cannot be distinguished, 
the basis of the nucleus has that dense but minutely irregular aspect 
which is described as ground glass (cp. Figs. 2, 3, 12). In short, it 
is clear that the microsomes vary in size but also that they and the 
medium in which they lie vary in refractive power, and we may ask, 
are they absent from the nucleus of ground glass aspect, or have they 
with the surrounding nucleochyme undergone such change that neither 
by formaline vapour, nor by the action of dyes can they be distinguished 
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clearly? Bearing in mind how obscure at times may be the “rods” 
in the external border of intestinal cells, and noting how sharply the 
microsomes stand out from abundance of (apparently) watery nucleo- 
chyme', I am inclined to think they are present possibly in some 
modified form or hidden by the increased density of their environment. 
A nucleus with macrosomes scattered through its perfectly limpid 
substance (Fig. 3 b) may probably be regarded as denuded of micro- 
somes, but the condition is extremely rare and, I think, pathological. 


The nuclear fluid (Nucleochyme). 


The few words which I have to say of this constituent of the 
macronucleus of Carchesium may almost be gathered from the preceding 
phs so intimate are its relations with the microsomes. It is 
inevitable that fluid should be important in intra-nuclear chemical 
activities, yet its presence is almost a matter of inference, the nucleus 
having no appreciable vacuoles except within its macrosomes, 
- And that the fluid, inconspicuous as it is at any time, varies in amount 
and in character I think the following experimental data show. 

- Under the early action of weak solutions of eosin the nucleus 
often shows a diffuse colouration, the microsomes standing out as if 
in relief from a uniform reddish background; a comparable, diffuse 
stain with the acid fuchsin of Ehrlich-Biondi’s fluid may combine 
with the blue colour of the microsomes to make the whole basis of the 
nucleus reddish violet. But under other conditions, apart from the’ 

‘ selective stain with methylene blue, of which I have spoken, a diffuse 
“rose-reaction” marks the nucleus, It has been shown by Kanthack 
and Hardy that when eosinophile granules are re-formed in a 
leucocyte they pass through an amphophile stage: is it not probable 
then that the feeble affinities of the nucleochyme of Carchesium may 
change with the varying activity of the cell? That the nucleochyme 
alters in amount and concentration examination of the microsomes 
reveals, and the reaction with dyes may well be the expression of 
further inconstancy of composition. There is also varying distinctness 
in the outlines of microsomes stained to demonstrate the presence 
of masked iron, and this when constant precautions are taken to avoid 


: } It is noteworthy too that in observing the microsomes the defining power of « lens 
is, within certain limits, more important than its magnifying power. I have sometimes 
used Leitz Apoch 2 mm, Compens. Oc, 4 with more effect than combinations which give 
higher magnification. 
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colouration by post mortem diffusion. The absence of “ Prussian blue” 


in macrosomatic vacuoles tested for iron is, I think, some indication 
that the precautions may be effectual (Fig. 4). I suggest then, 
but quite without insistence, that the nucleochyme is sometimes but 
not always iron-free. 


The nuclear membrane. 


This delicate structureless membrane is described by Zoja as 
“erythrophile.” I have not found in it any characteristic affinity 
for dyes nor proved that it holds iron. Indeed, except as a bounding 
line marking the junction of nuclear substance with that of the cell, it 
is only local shrinkage, post mortem osmotic effects, or, it may be, 
segmentation incipient or complete which makes clear the nuclear 
membrane. Such large rearrangements of substance as accompany 
fission or conjugation of Carchesium or the shaping of the ovoid nucleus 
of a cyst imply important qualitative change in the bounding 
membrane, if not its solution and re-deposition but I cannot support 
the implication by histological facts. It is noticeable that post mortem 
accumulation of fluid commonly gathers in such fashion that the 
nuclear membrane adheres to the nuclear substance, but occasionally it 
clings to the protoplasm of the cell, fluid appearing within it. And in 
the former case I have seen the nucleus drawn to an acute point at its 
most aboral curve as if some locally close connection with the cell 
substance were but half broken. I record these variations in aspect, 


‘uncertain as yet of their significance, but in face of the mobility 


of endoplasm which characterizes protozoa, and of changes of conform- 
ation which the nucleus of Carchesium may display I think it 
improbable that there is any special local connection between one part 
of the nucleus and one part of the cell. 

The three last-named elements of the macronucleus of 
Carchesium, widely different in reactions and in function, are 
closely interdependent so far as demonstration is concerned. 
With abundance of watery nucleochyme the microsomes are 
clear, they are clear too when at their (low) maximum 
of size. Concentration of the fluid of the nucleus obscures 
the microsomes, and this may be aided by concomitant 
change in their substance. That qualitative change other 
than concentration characterizes the nucleochyme is in- 
dicated by its varying reaction with dyes (though this is 
always feeble) and possibly by the varying distinctness 
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of the microsomes in specimens tested for unmasked iron: 
The nuclear membrane is structureless, iron-free, and does 
not stain readily; it is demonstrable with ease only “ee 
its contents shrink or undergo segmentation. 


C. The relation of histological change in the macronucleus 
of Carchesium to the functional condition of the cell.. 


In discussmg this part of the subject I have first to examine 
the relation of the structural changes just described to the. phenomena 
of reproduction. Lister has suggested that the “nucleoli” of Polysto- 
mella become smaller as development advances; Rhumbler describing 
the nucleus of Saccamina spherica implies that the substance of the 
“ Binnenkérper” (endosomes) is a precursor of chromatin; he describes 
its disappearance as the chromatin (inappreciable in the young animal) 
becomes distinct in preparation for reproduction: Can it be. shown 
that the nucleus of Carchesium is the seat of cyclic changes other than 
those which form the main cycle of its life history? With the histology 
of reproduction I have been only concerned secondarily, and in order to 
answer this question, but certain significant facts are not difficult to 
establish. The ovoid nucleus of an encysted polype is especially 
poor in oxyphile (macrosomatic) matter. Its stain with methylene 
blue is pure and intense; it is rich in masked iron, and its dense, 
granular aspect in optical section suggests that modified microsomes 
aré dominant, and are separated by a minimal amount of nucleochyme. 
In section some irregular strands of oxyphile substance can be seen, 
but the very striking oxyyhile reaction of a cell at this stage is due not 
to nuclear constituents but to the abundant formed matter deposited 
temporarily in its protoplasm in characteristic fashion. When Carchesium 
reproduces itself by fission or when its macronucleus segments, the 
arrangements are such that there is equal division of nuclear substance. 
During fission the short filamentous macrosomes are equidistant and 
non-vacuolate, the nucleochyme and microsomes forming a dense -mass 
in which discrete granules can hardly be seen. In segmentation the 
nuclear contents split into approximately equal portions each holding 
one or more spherical macrosomes (Figs. 6, 13). - These bodies are 
commonly solid but may be vacuolate, indeed, rarely they show 
vacuolation. in its extreme form (Fig. 13). Segmentation, when 
attendant upon conjugation, is followed by degenerative change in the 
constituents of the freed segments, but of this I need not speak now, for 


. 
< 

4 

a 

4 

, 


446 M. GREENWOOD. 


it will be gathered from these brief statements that the variations 
in form, which I would emphasize, are not occasioned by imminent 
reproductive phenomena. A nucleus with highly vacuolate macrosomes 
may segment, but the solid aspect of the macrosomes in the majority 
of cases forbids the view that vacuolation is a necessary antecedent 
of segmentation. Can a more constant association be established with 
other metabolic processes in the cell ? : 

It was in the course of an experiment on the aggregation’ of food 
particles in Carchesium that I was first struck by the phenomenon of 
vacuolation. A group of polypes (mounted in a hanging drop of water 
which held coagulated white of egg in suspension) had been watched by 
artificial light for some hours, and had shown marked secretory activity 
in the ingestion and partial solution of the proteid, with repeated 
ejection of insoluble residues. Killing the animal finally with “ osmic- 
methylene blue” I found the macrosomes as highly vacuolate as those 
of Fig. 3 b, while massive non-vacuolate macrosomes characterized 
other polypes mounted freshly (as control) from a common stock. It is 
clear that the conditions of the experiment forbid immediate inference 
that vacuolation and the digestion of albumen are related as effect and 
proximate cause, for the illuminating and heating action of the 
transmitted light, and the limited fluid environment of the animal 
cannot be disregarded. I do find, however, that from a mass of 
experimental results, sometimes incomplete, not always concordant, 
certain deductions can fairly be made which show how intimate is the 
relation in Carchesium between nuclear structure and the nutritive 
condition of the mature cell. 

Tt is less easy to apply discriminative stimulus or to produce 
specific lesion in Protozoa than in organisms of more differentiated 
build, but, endeavouring to exalt, depress, or inhibit respiratory or 
digestive activity I have come to certain preliminary conclusions: 

1. I find that bacteria, the natural food of Carchesium, produce 
and maintain what I regard as the most successfully balanced nutritive 
state, The cells are vigorous and transparent, have rounded, full 
outlines, the macrosomes are scattered and non-vacuolate or very slightly 
vacuolate, the microsomes are obvious, the nucleochyme is faintly 
oxyphile (Fig. 2b). 

2. With a complex fatty diet (in which non-coagulated proteid is 
present)—milk or yolk of egg suspended in water, there is an enormous 


1 Op, Phil, Trans. 1894, B. p. 859. 
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increase in the granules of the cell-substance of Carchesium so that 
polypes thus fed become relatively opaque. The macronucleus takes up 
its position of maximum extension (Fig. 9a), its macrosomes are 
arranged in larger masses and their substance is absolutely increased 
(Fig. 7a). The basis of the nucleus is of dense aspect,—the microsomes 
and fluid do not stand off sharply, probably because of change in 
the latter, for in some cases, replacing the faint oxyphile reaction, is a 
violet or rose reaction with methylene blue. The macrosomes are 
slightly vacuolate, or may show no central deposit of fluid. 

3. Under treatment with the coagulated white of egg, of which I 
have spoken, the phenomena which I first associated with its ingestion 
repeat themselves, but not always with equal rapidity or clearness. 
Vacuolation of the macrosomes and, often, fluidity of the substance of 
the nucleus generally, are characteristic of the condition set up. The 
microsomes may show clearly in their fluid surroundings, but are small ; 
in rare cases I have not been able to see them (Figs. 7 d, 3 b). 

. The lines of distinction which I have thus indicated are obscured 
sometimes by reactions which hint that other activities besides those of 
digestion must be considered here. Thus, vacuolation may characterize 
nuclei which by their form and general structure are clearly in 
a state of bad nutrition, and is always, I think, easier to produce 
in animals mounted in limited fluid, te. presumably with scanty 
oxygen supply. Further, I have observed it in the macrosomes of a 
specimen killed by the slow action of CO,. On the other hand, death 
by CO, may be unaccompanied by vacuolation ; the most constant effect 
of the lethal action of this gas is a slight grouping or segregation of the 
microsomes, which corresponds, I think, to the appearance of the proto- 
zoan nucleus described by Loeb and Hardesty as “ coarsely granular.” 
They characterize it thus in cells killed by CO,. Further, although 
badly nourished specimens of Carchesium may show highly vacuolate 
nuclear macrosomes, the appearance is exceptional and to be classed 
with the vacuolation which may mark, but does not typically mark, the 
freed segments of a nucleus (Fig. 13). The attenuate; irregular or 
shrunken nucleus of the ill-nourished (?or senile) polype is poor 
in macrosomatic matter, and irregular granularity replaces the minute, 
spherical microsomes,—in the moribund state there is hardly distinction 
and certainly not perfect organisation of the two formed substances, 
With these facts in view I would suggest that the changes I have 
described are indeed connected with digestion, but not directly. The 


complex fatty diet provoking the deposition of granules, ie. true 
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structural change in the cell-substance, stimulates such interchangé 
with the nucleus that the macrosomes grow and the nucleochyme gives 
token of being affected’. The coagulated white of egg calls forth such 
action that expenditure of substance is not equalled by repair, and, 
the protoplasm remaining transparent, there is an increase of fluid in 
the nucleus, I have noticed in specimens which showed extreme 
vacuolation under this treatment that the granules of the cell- 
substance may themselves be hollowed and shell-like. The 
coagulated proteid, I take it, is a food but not readily digestible nor so 
highly nutritious as the more familiar native proteids, and thus it 
stimulates the cell to secretory activity which such ingesta as Indian ~ 
ink or the absence of ingesta leave latent. In a paper written some 
years ago, Brass describes the accumulation of coarsely granular 
substance in the nuclei of certain Infusoria, connecting it directly with 
the ingestion of abundant food. The relation that I would urge ‘is 
more remote ; I think that in Carchesium the ingesta are always extra 
protoplasmic, and the fluid nutriment which is absorbed from them is 
not normally laid down directly in the solid form. If the distinction be 
allowable, I would say that nuclear changes are to be associated with 
nutrition rather than with the preliminary process, digestion. These 
suggestions make it easy to conceive that abundance of CO,, 
scarcity of oxygen, accumulation of the waste products of the animal in 
a small drop of water, might combine with varying digestive action to 
produce a resultant effect, which consideration of the digestive action 
alone is helpless to explain. It is clear too that when the diet is 
impure the distinctive effects of its constituent matters are not easy to 
evaluate. And this impurity is difficult to avoid, for in all the media 
in which Carchesium thrives, bacteria grow readily, and they, in 
addition to the nutriment provided experimentally, furnish a secondary 
but chosen food. I take it that the accumulation of fluid implies lack 
of substantial repair; that pushed far, the phenomenon becomes 
pathological, but that it indicates a normal process much as the 
appearances of the submaxillary gland after prolonged stimulation 
of the chorda tympani illustrate eniphatically the less distinct changes 
of gentler, normal metabolism. 

Beyond this beginning of interpretation my saniiniiadh do not yet 
allow me to go; the mutual relations of the macrosomes and microsomes ; 

1 It is of interest to note that while Macallum describes masked iron as @ constant 
constituent of protozoan celle (each of which is; among other things, a gland) I have 
found it especially marked in the substance of Carchesium after ingestion of yolk of egg. » 
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the meaning of the axial gathering of macrosomatic matter whereby 
there is lessened surface of contact between it and the surrounding 
nuclear substance ; the relatively rare separation of basophile matter 
as dots upon each macrosome, nay the significance of the double 
reaction with chemical stains,—these form questions for which I 
have no answer. 

But I wish to revert momentarily to nuclear nomenclature, viewing 
it in. the light shed by these facts of structural change. I pointed out 
at the beginning of this paper that certain qualities characteristic of 
the macrosomes, supported in their regard the now almost classical use 
of the term nucleolus. Such are their richness in oxyphile substance 
and their poverty in masked iron; such too is their qualitatively great 
affinity for “ nuclear” stains. But to these, other likenesses in structure 
and action may now be added. The macrosomes are highly mobile— 
and the mobility of the nucleoli of some plant éells has been described 
by Liénnberg and by Zacharias, while Brandt, Kidd’ and others 
make comparable statements for the cells of animals. The macro- 

- somes fuse and divide—and descriptions of the division of nucleoli 
are well known; they are markedly vacuolate at times—and vacuolation 
of nucleoli has been described repeatedly with some variety in the 
interpretation of the appearances seen by different observers. And 

_* lastly there are scattered statements of the relation of nucleoli to the 
metabolism of the cell which are at least suggestive; among these I 
may instance Linnberg’s account of the dual nature of the nucleolus 
in some active secretory cells (the egg cells and liver cells of 
molluscs) and the connection of nucleolar change with growth of 
tissue rather than with the solution of reserve material in seeds, 
which Zacharias has emphasized. 

These facts notwithstanding I would venture to suggest the adoption 
of the term macrosome, Among metazoan cells it is especially ova, with 
their wide potentialities, in which nucleolar activity has been demon- 
strated; and Haecker distinguishing the Hauptnucleolus from the 
Nebennucleolus (a store of chromatin) argues that the separation of the 
two is the result of phylogenetic differentiation. In the Protozoa 
(if Carchesium be typical) such separation—and more—is yet to come, 
and the bodies which, in the main, do hold the substances to be shaped 
into the nucleoli of metazoa are more complex and have larger powers 
than they. To remember that Hertwig has said of Actinospherium 


_ 1 Te-seems probable that the cells of the frog examined by Kidd were in an abnormal 
condition, 
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that all the chromatin of its nuclei lies in the nucleoli, while 
Rhumbler regards the corresponding structures in Foraminifera 
as secretory products: to compare Balbiani’s suggestion that the 
nucleochyme granulations of Loxophyllum represent a diffused 
nucleolus, with the absence of all mention of a nucleolus in Korschelt’s 
study of structures so similar in the larval arthropod. cells,—this is to 
shrink from the use of a term applied so variously in simple forms, and 
beset with such definite associations in the case of specialized cells, _ 


SUMMARY. 


1, The macronucleus of Carchesium Polypinum is strongly chro- 
matophilous, and consists, in its maturity, of the following structural 
elements. 

(a) Protomacrosomes. These are complex mobile bodies especially 
prominent in the majority of stained specimens. At times they are 
spherical or bluntly angular in shape and lie freely ; at other times they 
form an irregular or imperfect network or fuse to an axial strand; when 
free they may be equal in size or equidistant but they are commonly 
unequal and so grouped that small macrosomes lie towards the periphery 
of the nucleus, larger bodies being gathered to its core (Figs, 1, 2 b, 
7 a, 14). 

The complex character and action of these macrosomes are sug- 
gested ;—(1) by their reaction with dyes for, staining selectively 
with eosin, they may also colour deeply with methylene 
blue; the eosin stain emphasizes their smooth aspect, while with 
methylene blue they are less homogeneous and may even show stained 
granulation ;—(2) by their remarkable capacity for vacuolation; this 
activity finds expression in the deposition of small drops of fluid 
centrally; these may grow centrifugally, and encroach on the un- 
changed substance of the macrosome which survives in extreme 
cases as a mere shell-like investment. Vacuolation may be induced 

in any phase of arrangement of the macrosomes, but is most striking 
when they lie freely and are relatively massive (Figs. 3 b, 7 b, c, d, 14). 

(6). Protomicrosomes. ‘These are minute spherical granules 
lying in the nucleochyme and thus between the macrosomes, They 
vary in proximity, in abundance and in size but are too small to 
betray internal structural change. They are less strongly chromato- 
philous than the macrosomes, but their affinities are distinctively 
for basic dyes. 
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(c) MNucleochyme. The nucleochyme which surrounds these 
structural elements gives indication of variation in fluidity and in 
staining capacity. 

(d) The nuclear membrane is continuous, delicate and structure- 
less and difficult of demonstration, except when the matter it contains 
is segmenting or shows local shrinking. 

2. The structural constituents of the macronucleus are free from 
inorganic iron, but iron may be unmasked in the nucleus by 
appropriate treatment with acid; the protomicrosomes .give the 
reaction abundantly, the protomacrosomes faintly. The nuclear 
membrane holds no iron, and the nucleochyme judged mainly by 
inference, varies in iron content. 

3. The variation in nuclear structure which I have indicated can 
be correlated in part with the nutritional condition of Car- 
chesium. Thus, specimens nourished on intermittent bacterial diet 
have scattered macrosomes of medium size not marked by vacuolation, 
. distinct microsomes, and inconspicuous nucleochyme, staining faintly 
with acid dyes. Abundant artificial nourishment of the complicated 
character of milk or yolk of egg stimulates to largely increased deposit 
of the “ proper” granules of the cell and makes the cytoplasm richer 
in masked iron; the nucleus is dense and opaque, the microsomes and 
nucleochyme contrasting less sharply ; the macrosomes increase in size 
and, rarely, are vacuolate. 

Under the action of a food, which, like ‘iasbiciod white of egg is 
imperfectly soluble there is what I take to be a drain on the metabolism 
of the cell with inadequate repair and with this stimulus the vacuolation 
is usually demonstrable. Deficient aeration is, I think, a distinct aid to 
its production. 

4. That this association of nuclear change with varying 
nutrition is more than coincidental in Carchesium is shown not 
only by experimental results obtained repeatedly but by examination 
of senile or moribund nuclei on the one hand, and of the macrosomes 
during reproduction on the other. The moribund nucleus shows coarse 
irregular granularity with inconspicuous and but rarely vacuolate 
macrosomes; in the encysted cell the microsomes are dominant, the 
macrosomatic matter lying between them in inconspicuous strands ; 
in fission the macrosomes are abundant, shortly filamentous and non- 
vacuolate and lying-in a dense, hardly granular basis. Segmentation 
may indeed produce segments in which lie hollow shell-like macrosomes, 
but this is rare; commonly each nuclear fragment hag that density of 
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texture which tends to obscure the microsomes, and shows the larger, 
more highly refractive or more deeply stained macrosomes as spherical 
solids, 


I have felt some reluctance to publish an account which from the 
physiologist’s point of view is almost purely preliminary. I do not 
forget that though micro-chemical study and description of structural 
change are indispensable, it is with their meaning that we are really 
concerned. I think, however, that the data are insufficient as yet for 
theoretical generalizations; it is clear that the study of a relatively 
specialized form like Carchesium should be associated with that of 
forms in which no micronucleus has been described; it is probable 
that more light will be thrown on the significance of structural 
change in the mature macronucleus by examining it also in successive 
phases of reproductive change. But. I look forward especially to the 
results of histological work which shall correspond to and complement 
the suggestive experiments of Verworn;—to study of structural change 
bound up with those large demands on nuclear activity which he has 
associated with the reconstitution of divided cells. 
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PLATE TV. 


The outlines of the nuclei, of the macrosomes and of the contained vacuoles 
are, as a rule, traced by means of the camera lucida. The exceptions are in- 
dicated below. In all the figures, 

nm = macronucleus. 
mac = macrosome. 
mic = microsome. 
membr = nuclear membrane. 
seg = segment of macronucleus. 
v = vacuole contained in macrosome. 

No attempt has been made to represent the structure of the cell substance, 
and in some figures, sketched simply for change in macrosomatic substance, 
the microsomes are not indicated. 

Fig. 1. Diagrammatic sketch of Carchesium polypinum, to show position 
of macronucleus, coexistence of microsomes and macrosomes and varying 
shape and size of the latter. 

Fig. 2. Macronucleus of Carchesium. a. Fresh specimen faintly stained 
with osmic-methylene blue. The microsomes are abundant. 6. Specimen 
more deeply stained ; the underlying macrosomes appear. 

Fig. 3. To show extreme contrast in nuclear structure. a. Freshly 
mounted specimen, intermittent bacterial nourishment ; the microsomes hide 
other structures. 6, After long treatment with white of egg, the macrosomes 
are large and highly vacuolate, the microsomes indistinguishable. 

Fig. 4. Reaction of unmasked iron with potassium ferrocyanide in 
Carchesium. a. Section stained with eosin, macrosomes demonstrated by 
oxyphile reaction. 6. Another section of the same series unstained, the 
macrosomes are rarely distinguishable ; the vacuoles which show (v), indicate 
that the Prussian blue stain has been localized. c. Carchesium.? episty. 
stained by long exposure to pot. ferrocyanide. This has decomposed and com- 
bined like a stain with the macrosomatic matter which is actually poor in iron. 

Fig. 5. Macronucleus of Spirostomum. Localization of large macrosomes 
in small segments of nucleus, and distinct vacuolation of these. 

Fig. 6. Demonstration of nuclear membrane in early stages segmenta- 
tion of macronucleus. Carchesium. 

Fig. 7. Macronucleus of Carchesium. a and 6 showing nuclear membrane, 
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a showing massive macrosomes under rich diet. 6, c and d various stages of 
vacuolation ; in c the nucleus is watery and the microsomes distinct. 

Fig. 8. " Macronucleus of Carchesium. Macrosomes in axial row stained 
with Canon’s fluid, — 

Fig. 9. Oarchesium polypinum. Diagrammatic; to haw maximum ex- 
tension of macronucleus under rich diet (a), and contracted form (6) with 
scanty nourishment. 

Fig. 10. Macronucleus of Carchesium. Heidenhain’s iron-hematoxylin 
stain, a, Transverse section of nucleus; macrosomes unequal in. size and 
arrangement, microsomes obscure. 6. union of macrosomes to imperfect net- 
work. c. large size of free macrosomes and rare vacuolation. 

Fig. 11. a. Irregularly filamentous macrosomes of large size fusing | to 

network, to contrast with, 6. fine filaments which characterize nucleus of 
fission. 

Fig. 12. Extreme form of dotted or granular macrosomes (basophile 
granulation): microsomes standing out clearly from nucleochyme. 

Fig. 13. Segments of macronucleus freed,—to show varying condition of 
macrosomes, a solid, 6 slightly, c extremely vacuolate. 

Fig. 14.. Macronucleus of Carchesium. To show substance of macro- 
somes gathered to vacuolate, axial strand. 

Figures 3, 9b and 13 are drawn with the free hand. The magnification 
of the majority of the figures is Leitz obj. 2mm. comp. oc. 6, but Figs. 7 d, 
12, are drawn with comp. oc, 4, er 5, 7a and 7b with Leitz oil imm. 
Zeiss. oc. 3. 
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CONTRIBUTION TO THE PHYSIOLOGICAL EFFECTS 
OF ‘PEPTONE’ WHEN INJECTED INTO THE 
CIRCULATION. By W. H. THOMPSON, M.D., FRCS, 
Queen's College, Belfast. (Ten Figures in Text.) 


(From the Laboratoire de Physiologie, La Sorbonne.) 


CONTENTS. 


Introductory and Historical. 

Method of Experimentation. 

Effects on Blood Coagulation. 

Influence on Blood-Pressure. 

Mechanism of the Vascular Dilatation—Central or Peripheral? 
Nature of the Peripheral Influence. 

Conclusions. 

Protocols. 


I. AND HISTORICAL. 


THE réle which peptone plays in the animal body has afforded 
material for widely different researches. The scope of the present 
communication is however limited to two of the effects resulting from 
the introduction of Witte’s ‘peptone’ into the system, by intravenous 
injection. These are (1) its influence on blood coagulation, and (2) 
its action on the vaso-motor system. 

Schmidt-Mtilheim' in 1880 discovered that when peptone is 
introduced in the above manner into the system of the dog, it produces 
amongst other effects the remarkable results of delaying or arresting 
the coagulation of blood drawn soon after the injection, and at the 
same time causes a very marked fall of blood-pressure. 

Fano’ in the following year corroborated and extended the results 
of Schmidt-Mtilheim. He occupied himself chiefly with the effects 
of peptone and tryptone on the coagulability of blood and lymph. 


' Schmidt-Milheim. Archiv f. Physiologie (Du Bois Reymond), 1880, p. 33. 
2 Fano. Archiv f. Physiologie, 1881, p. 277. 
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Both these observers employed impure peptone, that is peptone mixed 
with albumoses. 

Pollitzer? in 1885 and Grosjean? in 1892 differentiated the 
effects of these two classes of substances—albumoses and peptones— 
from each other. The former arrived at the conclusion that neither 
ampho-peptone, anti-peptone nor proto-albumose, affected the coagu- 
lability of the blood, that deutero-albumose retarded it, while hetero- 
albumose and Witte’s ‘peptone’ arrested its coagulation. 

Grosjean, while agreeing that albumoses (propeptone) delay or 
even arrest coagulation, found that peptone also, though in a less 
marked degree,-had a retarding effect upon this process. He also 
made the further observation that propeptone is the chief agent in 
producing the fall of blood-pressure, while peptone itself has very 
slight influence in this direction. Pollitzer had arrived at very 
similar results on this point. 

The latter experimenter had also noticed that after an injection of 
Witte’s peptone, the intestines were highly congested, having their villi 
injected, and states his belief that the fall of pressure is chiefly, if 
not wholly, due to dilatation of the blood vessels of the splanchnic 
region. The following are his words*: “ That the fall of pressure is 
due to vaso-motor paralysis cannot of course be questioned, and that 
the action is manifested chiefly, if not wholly, on the splanchnic region 
is reasonably certain.” 

(Jrosjean*‘ also concludes that the fall of pressure is to be attributed 
to this cause and raises the further question as to how the vascular 
dilatation is brought about,—whether it is to be ascribed to an 
influence of peptone exerted through the vaso-motor centre, or to a 
peripheral influence exerted directly on the blood vessels? He at 
the same time expresses his belief that the cause is central, for the 
reason that peptone affects the respiratory and cardio-inhibitory centres, 
two bulbar mechanisms closely situated to the vaso-motor centre. No 
experiments were however performed by him to decide the point. 

This is therefore the aspect of the question I undertook to in- 
vestigate during the past summer in Paris, at the desire of Professor 


1 Pollitzer. This Journal, vu. p. 283, also Pollitzer u. Ktihne. Verh. d. 
Natur.-Hist,-Med. Vereins z. Heidelberg, N. F. m1. p. 292. 
* Grosjean. Travail du Lab. d. Physiolog. de ' Univ. de Lidge, rv. 1891-92; also 


Mém. de VAcad. Roy. de Belgique, 1892. In this paper will be found » good résumé of 
the literature of the subject. 


* Pollitzer, op. cit. * Grosjean, op. cit. 
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Dastre, to whom I wish to express my deep obligations for placing 4 
the resources of his excellent laboratory at my disposal, as well as 
for many kind suggestions made during the progress of the work. 


II. Mernop or EXPERIMENTATION. 


In all of the experiments here recorded, dogs were employed. The 
animals were anesthetised. In most cases this was done by means . 
of a solution of morphine and atropine injected hypodermically (hydro- 
chlorate of morphine 1 centigrm., sulphate of atropine 1 mgrm. 
per kilo), and afterwards by administration of chloroform, or of a 
mixture of chloroform and ether in the proportion of one part of the 
former to two of the latter. In some cases this latter mixture alone 
formed the anwsthetic. Curare was administered in certain cases, 
as will be stated hereafter. . 

In each case three cannula were inserted as follows; one in the 
femoral artery, one in the femural vein, and one in the carotid artery. 
A solution of Witte’s ‘peptone’ dissolved in 7 °*/, sodium chloride solution 
was rapidly injected from a syringe into the femoral vein. The 
quantity of fluid injected in no case exceeded 50 c.c. In animais below 
12 kilos, a standard’ quantity of 4 c.c. of fluid for each kilo of body 
weight was adopted. The femoral vein was chosen in preference to 
the jugular as being more distal from the heart. 

Blood was drawn from the femoral artery ten minutes after the 
injection of peptone in order to observe its rate of coagulation. Blood- 
pressure was recorded from the left carotid artery on a Verdin’s 
cylinder driven at a slow rate. 

Witte’s peptone was used for two reasons, first, because it is suf- 
ficiently well known that this substance owes its vaso-dilating influence 
mainly to the albumoses which form the greater part of its composition, 
and secondly, to prepare pure products would have required longer 
time than I had then at my disposal. 


Ill, Errecrs oN BLoop COAGULATION. 


At the outset of the enquiry it appeared desirable to determine the 
minimum dose of Witte’s peptone which would with certainty produce 
a decided fall of blood-pressure, in order to use this as a standard 
in subsequent experiments. In pursuing this part of the research an 
unlooked-for result, produced by this substance upon blood coagula- 
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tion was come upon, and I was induced to carry it further in this 
direction than was necessary for my original purpose. 

Grosjean’ found that propeptone, in doses of ten centigrms. 
per kilo, retarded coagulation from one to ten hours*, With similar 
doses of Witte’s ‘peptone’ I find also that coagulation is greatly retarded. 
But the same result is obtained to a less degree with doses as low as 
two centigrms. per kilo of body weight. 

When the dose is however below this quantity the con- 
trary effect is produced. Instead of blood coagulation being 
retarded or uninfluenced this process is markedly hastened. 

The following table of fifteen experiments arranged in descending 


order, according to the dose employed, illustrates these two opposite 
effects. 


Taste I. Showing effects on blood coagulation. 


Dose of Coagulation Coagulation 
No. of peptone in time, time, 
Experiment gramsperkilo normal blood peptone blood Results 
XVII 0-1 8’ 15” uncoag. after slowed 
36 mins. 
XVIII 0-1 6’ 30” uncoag. 33 mins. slowed 
ater 
XIX 0-1 2’ 45” uncoag. 30 mins. slowed 
later 
III 0-08 10’ 0” uncoag. 47 mins. slowed 
later 
IV 0-04 1’ 30” 1” 30” unaffected 
XIV 0-04 0” uncoag. 40 mins. slowed 
003 2’ 30” 6’ 30” slowed 
VI 0-02 3° 15” uncoag. 50 mins. slowed 
ter 
VI (a) 0-015 3’ 0” 2’ 15” hastened 
I 3’ 0” immediately hastened 
VII 0-01 6’ 0” 1’ 40” hastened 
XII 0-01 4 0” 1’ 40” hastened 
XI 0°01 2° 15” 3’ 30” slowed 
Ix 00075 4’ 0” hastened 
x 0:0075 8’ 30” 3’ 55” hastened 


' Grosjean, op. cit. 


? Fano used impure peptone in doses of thirty centigrms. per kilo of body weight, 
while Pollitzer obtained arrest of coagulation with deutero-albumose, and Witte’s 


peptone in similar doses. 
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One experiment was made with a dose’ lower than any of the 
above, viz. 0°005 grm. per kilo. Coagulation was uninfluenced by this 
quantity. 

Two exceptions are shown in the table, one belonging to the 
category of ‘slowing’ effects, viz. Exp. IV., the other to that of 
‘hastening’ effects, viz. Exp. XI. The former in which coagulation 
is uninfluenced may be attributed to individual peculiarity on the 
part of the dog, the latter I believe to be due to the fact that the 
animal had been starved for 29 hours prior to the injection of ‘ peptone.’ 
I have found that animals in this condition are more susceptible to 
the effects of peptone than those recently fed. A dose therefore which 
under these latter circumstances would serve to hasten blood cvagu- 
lation, has here heen relatively so great as to produce a slowing effect. 


IV. INFLUENCE ON BLOOD-PRESSURE. 


My results on this point differ but slightly from those of previous 
observers, and this difference merely concerns the question of dose. 
Thus I find a fall of pressure lasting from two to six minutes with 
_ doses as low as 15 to 10 mgrms. per kilo, or even lower in some cases. 
Compare Figs. 1,2 and 3. These are smaller doses than those given 
as effective by previous workers. Fano, for example, employed impure 


Fre. 1. Tracing from Exp. VI. showing the fall of carotid blood-pressure 
produced by a dose of twenty mgrms. per kilo of Witte’s peptone injected 
at x—x into the femoral vein. Normal blood-pressure before injection 
127 mm, Hg. Left end of curve shows blood-pressure levels at 3, 6 and 10 mins. 
respectively, after the injection, 
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peptone in doses of 30 centigrms. per kilo, while Grosjean, with 
propeptone, finds no effect from doses below 60 mgrms. 


Fid. 2. Tracing ace = VIII. showing a slight but distinct fall of carotid 


blood-pressure prod a dose of 5 mgs. per kilo of Witte’s ig 0d 


injected at 4—j_ into a femoral vein. Normal blood- 


-pressure 
injection 135 mm. Hg., end af 205 later 
to 141 mm. 


I: however the explanation of these differences is to be found 
im the hen with which the injection is made. It is well known 
that-considerable quantities of peptone, if very slowly injected, may 
be introduced into the circulation without producing any effect on 
the coagulation of blood or on blood-pressure. Both Fano -and 
Grosjean tag slowly, I on the contrary used a rapid rate of 
injection. 

Subjoined is a table giving the results on blood-pressure of a series 


of experiments with small doses, arranged according to the magnitude 
of the dose. 


Taste II. Effects on blood-pressure. 


No. of © Dose of Effect on : Weight of 
Experi- R gage per blood-pressure Duration of in 
ment o in grams in mm. Hg. effect kilos 
lil 0-03 Fall 180 to 88 10 mins. 10-2 
IV 0-04 Fall 143 to 115 me 9°75 

Vv 0°03 Fall 151 to 38 16-3, 10 
VI 0-02 Fall 127 to 43 | age 10 
VI (a) 0-015 Fall 161 to 130 23 ts 8°95 
VII 0-01 Full 148 to 56 ‘ec 11-5 
XI 0-01 Fall 143 to 95 ae 9-4' 
XIT 0-01 No effect | 10°5? 
IX 0-075 No effect — Il 

x 0-075 Slight fall 139 to 124 878 
VIII 0-005 Slight fall 135 to 123 ae 4 


? Dog starved for 29 hrs. before experiment. 
2 Dog 6 Ratios, of Sesh. 


a A 
| 
= 
° 
4 
| 
| 
- 


PEPTONE AND THE CIRCULATION. — 461 


An examination of the above table will bear out the statement 
I have made, viz. that below 15 to 10 mgrms. per kilo the effect on 
blood-pressure is inappreciable. 

In most of my experiments the initial effect of the injection upon 
blood-pressure was to produce a rise. This is well seen in Figs. 
3, 5 (a), 6, ete. 


Fic. 8. Tracing from Exp. VII. showing the preliminary rise with subsequent 
fall of carotid blood-pressure produced by a dose of 10 mgs. of Witte’s ‘ peptone’ 
injected at x—x into the femoral vein. Normal pressure before injection 
148 mm. Hg. Left end of curve shows blood-pressure levels at 3, 5 and 
9 mins. respectively after the injection. 


A similar rise is seen when normal saline is injected, and is no 
doubt simply due to the sudden introduction of an additional amount 
of fluid into the vascular system, The preliminary rise shown in the 
above tracings is without doubt of the same origin. 


V. MECHANISM OF THE VASCULAR DILATATION, 
CENTRAL OR PERIPHERAL ? 


_ I now come to the main point of my enquiry, viz. the mechanism 
of the vascular dilatation to which the fall of blood-pressure is due. 
My previous experiments had their origin in a preparation to in- 
vestigate this question. In attempting its solution the following series 
of experiments were performed. 
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Series 1. ‘Peptone’ injected after division of the spinal cord. 


A dog was anesthetised and otherwise prepared as mentioned 
in a former paragraph, curare also being given’ and artificial respiration 
maintained. The spinal cord and vagi were then divided, the former 
in the upper cervical region, and after the resulting fall of blood-pressure 
had reached a stationary level, a solution of peptone was injected into 
the femoral vein. 

Notwithstanding the employment of a very small dose (2 centigrms. 
per kilo) a still further fall of blood-pressure was distinctly obtained. 
Thus from a height of 52 mm. Hg. before the injection, the pressure fell 
at the end of two minutes after this event, to a height of 36 mm. Hg. 
Fig. 4 shows the tracing of this experiment. 


Fie, 4. Tracing from Exp. XIII. showing the further fall of carotid blood-pressure 
produced by 0°02 grm. per kilo of Witte’s ‘ peptone’ injected at x—x into 
the femoral vein. The spinal cord had previously been divided in the cervical 
region and blood-pressure had fallen to a stationary level. Before the injec- 
tion, blood-pressure 52 mm. Hg., 2 mins. after (left end of curve) 36 mm. Hg. 


Only the above experiment was performed in this series, but the 
results of this, in part at all events, foreshadowed a peripheral effect 
of ‘peptone’ on the blood vessels. It was not deemed desirable however 
to repeat the experiment for the reason that starting from a point 
of low blood-pressure at the moment of the injection, no very obvious 
or conclusive results could be anticipated from the further saRapnce 
of peptone on the vascular system. 

The following series of experiments was therefore decided upon. 


+ Curare was in all cases administered by hypodermic injection, 0-01 grm. per kilo of 
body weight. 
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Series 2, ‘Peptone’ injected during excitation of the spinal cord after 
its division in the cervical region. 

These experiments differed from the preceding, in that after section 
of the spinal cord, its lower segment was provided with electrodes for 
subsequent excitation by means of the Faradic current. In this way 
blood-pressure was restored to normal after it had fallen in consequence 
of the section. During the continuance of the excitation a solution 
of Witte’s ‘peptone’ was injected into the femoral vein. Seven 
experiments of this nature were performed, and in all the same result 
was obtained. 

Figs. 5 (a), 5 (b) and 6 are tracings from two of these experiments. 


Fie. 5a. Early part of tracing of carotid blood-pressure from Exp. XVI. 
showing the effects of 0-1 grm. Witte’s ‘ peptone’ injected at x—x into the 
femoral vein during excitation of the lower segment of the spinal cord to 
restore blood-pressure, after this had fallen in consequence of division of the 
cord in the cervical region. At (a) normal blood-pressure (146 mm. Hg.) 
is shown, at (b) division of the vagi and cord with commencement of exci- 
tation have been effected. Dog 14°5k., curare. 


These tracings show that ‘peptone’ produces its ordinary fall of 
blood-pressure, notwithstanding an excitation of the vaso-motor nerve 
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fibres in the spinal cord, sufficient to maintain normal arterial pressure, 
and made during the injection and subsequent effects of this substance. 


Fie. 56. Continuation of curve of Fig. 5a showing blood-pressure at 2, 8, 5 and 
7 mins, respectively after the injection, the cord being excited without effect, 
by the original strength of current in each case between the marks 0—0. 
Twenty-five mins. later, on increased excitation, blood-pressure rose to 
130 mm, Hg, 


Fie. 6, Tracing of carotid blood-pressure from Exp. XX. similar to Exp. XVI. 
(shown in Figs. 5 a and 6). In this case, however, blood-pressure was restored 
by excitation of the cord to a point considerably above the normal, and was 
still rising when the peptone was injected. Lettering same as in Fig. 5a, 
left end of tracing shows blood-pressure 2 and 4 mins. respectively after — 
the injection. 


Its action is therefore to be attributed to an influence either on the 
spinal cord, or to direct local influence on the blood vessels. 
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To decide between these two possibilities the next series of experi- 
ments was undertaken. 


Series 3. ‘ Peptone’ injected during excitation of the divided splanchnic 
nerves, the spinal cord also being divided. 

Dogs, anesthetised and prepared as before, had both the large 
splanchnic nerves armed with electrodes and divided. The vagi were 
also divided, and the spinal cord severed at the level of the second 
cervical vertebra. 

The great splanchnics were then stimulated by Faradic excitation 
till blood-pressure was restored to its former level, the restoration being 
due to constriction of abdominal blood vessels. During the excitation 
a solution of Witte’s ‘ peptone’ was injected into the femoral vein. 

Figs. 7 and 8 are tracings from two of these experiments. 


Fie. 7. Tracing of carotid blood-pressure from Exp. XXV. showing the effects 
of 0-1 grm. Witte’s ‘ peptone’ injected at x—x into the femoral vein, during 
excitation of the great splanchnic nerves, These nerves, the spinal cord at 
second cervical vertebra, and the vagi, were previously divided. Right end of 
tracing shows the level of blood-pressure after the above operations, with 
its elevation by splanchnic excitation. Left end shows same 1 and 2 mins. 
respectively after the injection, the splanchnics being still excited by same 

strength of current. 


The results which these tracings show are precisely the same as 
those yielded by excitation of the spinal cord in the immediately 
preceding series of experiments, That is to say, a dilatation of the 
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abdominal blood vessels was brought about by injecting a solution of 
the ‘ peptone,’ notwithstanding continued excitation of the vaso-motor 


Fra. 8. Tracing of carotid blood-pressure from Exp. XVIII. similar to Exp. 
XXV. (Fig. 7). In this however the normal blood-pressure level is shown 
at (a), right end of curve. At (b) strength of exciting current was increased, 
at (c) current was removed when a slight fall occurred. ‘Peptone’ in- 
jected x x, 


nerves which govern these blood vessels, all central vaso-motor influences 
having been cut off. 

The dilating influence of Witte’s ‘peptone’ on abdominal blood 
vessels, at all events, is therefore to be attributed to a peripheral 
or local effect on the vessels themselves. , | 

Seven experiments were performed in this series in one of which 
the spinal cord was not divided. All yielded the same results. Curare 
was used in two of the experiments. 


Series 4, ‘ Peptone’ injected during excitation of the spinal cord, the 
great splanchnic nerves being divided. 


I next sought to determine whether the influence which ‘ peptone’ 
exerts on blood vessels is confined to those of the splanchnic area, 
or whether such influence does not also extend to other blood vessels. 
This was investigated in the following way. 

Dogs were prepared as in Series 2 with the addition that both large 
splanchnic nerves were severed, prior to the Faradic excitation of the 
spinal cord. By this excitation blood-pressure was therefore restored 
through constriction of vessels other than those of the splanchnic area, 
—chiefly cutaneous and limb vessels. During the vaso-constriction 


j 


PEPTONE AND THE CIRCULATION. 467 


thus called forth ‘peptone’ (0°l grm. per kilo) was injected into the 
femoral vein. The result in these cases, again, was the occurrence of 
a marked fall of blood-pressure notwithstanding the excitation. 
It must therefore be concluded that ‘peptone’ also exerts 
a dilating influence on blood vessels other than those of the 
splanchnic area. 

Fig. (9) shows a tracing from one of these experiments. 

Time did not permit me to perform more than two experiments 
in this series, but the results in both are identical. I do not therefore 
think there can be any serious danger in accepting the conclusion which 
I have drawn, notwithstanding the smallness of the number. 

Having therefore established the peripheral or local influence of 
‘peptone’ not only on the blood vessels of the splanchnic region but also 
on other blood vessels as well, the following experiment was per- 
formed at the suggestion of Monsieur Dastre with the object of ob- 
serving the direct influence of this substance on the vaso-motor centre. 


Fria. 9. Tracing of carotid blood-pressure from Exp. XXIX. showing the dilating 
effects of Witte’s ‘ peptone’ on blood vessels other than those of the splanchnic 
area. Peptone 01 grm. was injected into the femoral vein during excitation 
of the lower segment of the spinal cord previously divided at 2nd cervical 
vertebra, the great splanchnics and vagi also being divided. Right end of 
tracing shows normal blood-pressure level; left end shows level 2 and 4 
mins. respectively after the injection, cord being excited. 


The occipito-atloid membrane was exposed in a dog, when, by means 
of a syringe passed through it, }c.c. of a 4°/, solution of the ‘ peptone’ 
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was injected into the fourth ventricle. No influence whatever was 
shown on blood-pressure. I do not wish to conclude however that 
the substance exerts no direct influence on the vaso-motor centre. 
A single experiment cannot decide this point. In a future communi- 
cation I hope to refer to this and other matters in connection with the 
research which require further work. 


VI. NAtuRE OF THE PERIPHERAL INFLUENCE, 


The question which naturally follows the establishment of a peri- 
pheral influence of Witte’s ‘ peptone” on the blood vessels is to enquire 
what the nature of this influence i is. This question may be answered 
in the following way. 

It is quite apparent that the substance depresses to a marked 
degree the irritability of the peripheral vaso-motor mechanism. This is 


seen in the fact that when blood-pressure has fallen to its lowest level 


in consequence of the injection of ‘ peptone,’ a strength of stimulus, 
which prior to its administration produced a marked constriction of 
blood vessels, is now without influence, or exerts only a very weak 
influence in this direction. (See tracings in Figs. 556, 8_and 9.) 

In several experiments removal of the excitation at the lowest 
point of the curve was not followed by a further fall. In others a 
very slight increase of fall wag“observed in consequence of its removal. 
These latter were always cases in which the dose was very small. 

The depression of irritability remained for some time, but ultimately 
passed off gradually as pressure returned once more. In no case how- 
ever had irritability completely returned within the limit of duration 
of my experiments, The return however was more rapid and more 
marked in those experiments where small doses were employed. 

It may therefore be taken that ‘peptone’ dilates blood 
vessels by depressing the irritability of their neuro-muscular 
apparatus and rendering it irresponsive to vaso-constricting 
influences. 

But in this apparatus there are without doubt two elements, the 
nervous and the muscular. Do the experiments permit us to conjecture 
which of these is chiefly influenced? One point to which I wish to 
allude does I think throw some light on this question. It is this. 
When the effects of an injection have to a certain extent passed off, 
and vascular irritability, if I may use the expression, has somewhat 
returned, if we now by a sufficiently strong stimulus call forth a 
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constriction of blood vessels and a rise of pressure, this rise in many 
cases continues to increase, although the excitation has been removed 
prior to its maximum (see Fig. 10). 


Fie. 10. Part of tracing of carotid blood-pressure from the end of Exp. XXVI. 
(cord excitation experiment) showing (1) absence of effect (x 1) from stimu- 
lation of the same strength as was effective before the injection of ‘ peptone’ ; 
(2) that a more powerful stimulus (x 2) has effect; (3) continuation of rise of 
pressure in latter case after stimulation has been cut off (x 8). 


This, I think, shows that when once the stimulus is sufficiently 
strong to reach and act on the smooth muscle of the blood vessels, 
it contracts in its ordinary way. From it we may therefore infer 
that the chief cause of the depression of irritability consists 
in a ‘block’ of the impulses before they reach the muscular 
fibre, that is in the nervous link of the neuro-muscular 
couple. 


VII. CoNcLUSIONs. 


1. Witte’s ‘peptone’ in doses below 2 cgrms. per kilo hastens 
coagulation of blood, above this dose it produces retardation, as others 
have found. | 

2. In doses as low as 15 to 10 mgrms. per kilo this substance 
produces a fall of blood-pressure. Discrepancies between these results 
and those of other workers are probably to be explained by the rapid 
rate of injection employed by the present writer. 
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3. The fall of blood-pressure and vascular dilatation are produced 
by a direct or peripheral influence on the blood vessels. No influence 
_ on the vaso-motor centre has been proved. 

4. The vascular dilatation is not confined to blood vessels of the 
splanchnic area but extends to other vessels also. 

5. The peripheral dilating influence of this substance on blood 
vessels is brought about by depressing the irritability of their neuro- 
muscular apparatus, rendering it irresponsive to vaso-constricting 
influences, 

6. It is further probable that the depression of irritability is chiefly 
limited to the nervous segment of the neuro-muscular link. 


VItI. PROTOCOLS OF SOME OF THE EXPERIMENTS SELECTED AS 
TYPICAL OF THE DIFFERENT PROCEDURES. 


Compare also Section II. (Method of Experimentation). The experiments were per- 
formed during June and July of the present year. 


Exps. I. to XII. Particulars contained in tables I. and II. 


Exp. XIII, Dog 11 kilos.; morph. atrop.; chlorof.; curare; vagi divided; artif. resp. ; 
spinal cord divided; 8rd C. verteb.; peptone 0°02 grm. per kilo. 

Coagulation (not observed). Blood-pressure (see table II.). 

The remaining protocols are taken in groups. 


Group 1. Three experiments from the series in which the spinal cord was divided in the 
cervical region and subsequently excited during the injection of ‘ peptone.’ 
Exp. XVII. Dog 11 kilos.; curare; vagi divided; spinal cord divided (8rd C.) and 


lower segment ‘armed’; artif. resp.; ‘ peptone’ 0-1 grm. per kilo. during excitation of 
cord. 


Coagulation : 

normal blood 8 mins, 15 secs., ‘ peptone’ blood uncoagulated after 36 mins. 
Blood-pressure 

normal 182 mm. Hg. 

after cord divided 62 


restored (excitation of cord) to 108_—séi«,, 

50 secs, after peptone (cord excited) 42 __,, 
1 min. ” ” 82 ” 
8 ” 44 

16 without excit. 46 


with strong,, 56 ,, 


Exp. XX. Dog 142 kilos.; curare; vagi divided; spinal cord divided (8rd C.) and 
‘armed’; * peptone’ 0°1 grm. per kilo. during excitation of cord ; artif. resp. 
Coagulation (not observed). Tess 
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Blood-pressure : 

normal 174 mm. Hg. 

after spinal cord divided 

restored (excit. of cord) to 214 

50 secs. after peptone (excit. of cord) 79 __,, 

2 mins. ” ” ” ” 63 OC, 

4 ” ” ” 53 ” 

13 without excit. 56 

” ” ” th strong ,, 1 x 


Exp. XXVL Dog 14% kilos.; morph. atrop.; curare; vagi divided; spinal cord 
divided (2nd ©.) and ‘armed’; artif. resp.; ‘ peptone’ 0-1 grm. per kilo. during excitation 
of cord. 


Coagulation : 
normal blood 0 min. 45 secs. 
peptone 1 0 
peptone ,, (2) 0 ,, 45 ,, 
Blood-pressure : 
normal 160 mm. Hg. 
after cord divided 102 ” 
restored (excit. of cord) to 160 ,, 
20 secs. after peptone (excit. of cord) 123 —C,, 
3 mins. ” ” ” 87 
-excit. 
with excit. 
current off, rose to 113 ,, 


and subseq. fell to 
N.B. Second injection of same quantity of ‘ peptone’ made 20 mins. after first during 
strong excitation of cord. 


Blood-pressure 

at commencement 65 mm. Hg. 

raised by strong excit. to 1m (yy 

30 sees. after second peptone (excit. cont.) 0% » 

6 mins. ” ” ” ” 69 ” 

without excit. 61 ,, 

9 » ” {si ” 65 

with stronger excit. rn 

rising after current ‘off’ to 149 ,, 


and subsequently falling. 

Group 2. Three experiments from the series in which splanchnic nevves were divided 
and subsequently excited during the injection of ‘ peptone,’ the spinal cord also being 
divided in all except the first experiment of the series. 

Exp. XVIII. Dog 12 kilos.; morph. atrop.; curare; vagi divided; splanchnics (both 
large) ‘armed’ and divided; spinal cord divided (2nd C.); artif. resp.; ‘ peptone’ 0-1 grm. 


pecs 6 mins. 80 secs. 
peptone ,, uncoagulated 33 _ ,, later. 
PH. XX. 31 
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Blood-pressure : 
normal 141 mm. Hg. 
after section of cord and splanchnics one 
restored (splanchnics excited) to 1658 
1 min. after peptone (splanchnics excited) eo 
and was still falling, increased excitation arrested fall 
but caused no rise , | 
later with same excitation rose to 7) oo 


Exe. XXV. Dog 19°5kilos.; morph. atrop.; ether chlorof, ; vagi divided ; eplanchnics 
(both large) ‘armed’; that on left side divided, right undivided; spinal cord divided 

Coagulation : 


normal blood (not observed) 
peptone ,, uncoagulated 1 hr. later. 
lood-pressure: 


B 
after division of cord and splanchnics Sapa 
restored (splanchnics excited) to 1388 
45 secs. after peptone (splanchnics excited) een 
2 mins. ” ” 83 
without excit. 


Exp. XXVIII. Dog 15-2 kilos.; morph. atrop.; ether chlorof.; vagi divided ; splanch- 
nics (both large) ‘armed’ and divided ; spinal cord divided (2nd C.) ; eri resp; ‘peptone’ 


Blood-pressure 
normal 1386 mm. Hg 

after division of cord and splanchnics peer 
restored (splanchnics excited) to 138 
40 secs. after peptene (splanchnics excited) ee 
2 mins. ” ” ” ” 30 ” | 

| without excit. 46 
with strong excit. 

after current off, rose to 124 


N.B. Second injection of same quantity of ‘ peptone’ made 94 mine. after first during 
strong excitation of splanchnics. 
Blood-pressure : 


57 mm. Hg. 
raised (splanchnics strongly excited) to 161 
64 C«, 
2 mins. ” ” 36 ” 
with the spinal cord, the latter being excited during the injection of ‘ peptone.’ 


Expr. XXX. Dog 11°5 kilos.; morph. atrop.; ether chlorof.; curare; vagi divided; 
splanchnies (both large) divided; spinal cord divided (2nd C.) and lower part ‘armed’; 
artif. resp. ; ‘peptone’ 0-1 grm. per kilo. injected during excitation of cord. 


| 
| 

Hg. 

| 

! normal blood 6 mins. 15 secs. 

i peptone ,, not coagulated 1 hr. later. 
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Coagulation : 

normal blood 4 mins. 0 sec. 

peptone ,, (dog died before observation made). 
lood-pressure : 


B 
normal 145 mm. Hg. 
after division of cord and splanchnics 145 =O, 
restored (excit. of cord) to 135, 
85 secs. after peptone (excit, of cord) 40 ,, 


' Death before next observation. 


Expr. XXI. Dog 9 kilos.; morph. atrop.; ether chlorof.; curare; vagi divided ; 
splanchnics (both large) divided ; re artif. resp. ; 
‘ peptone’ 0-1 grm. per kilo. injected during excitation of cord. 

Coagulation (not observed). 


Blood-pressure : 

normal _ 145 mm. Hg. 
after division of cord and splanchnics ny 
restored (excit. of cord) to ee 
50 secs. after peptone (cord excited) 52° 
2 mins. ” 27 ” 


without excit. 3 » 
" strong excit. 81 __,, 

N.B. Second injection of ‘peptone’ same quantity made 29 mins. ‘after the first 
during strong excitation of the spinal cord. 


Blood-pressure : 

at commencement 35 mm. Hg. 

raised (cord strongly excited) to eo 

25 sees. after 2nd peptone (cord strongly excit.) 45 ,, 

without excit. 

without excit. 83 ” 

” ‘with strong excit. ar: 


31—2 


4 
- 
"4 
d 


THE CHEMISTRY OF THE THYROID GLAND AND 
THE NATURE OF ITS ACTIVE CONSTITUENT. 
By ROBERT HUTCHISON, M.D., M.RC.P.E., late Chemi- 
cal Assistant to the Professor of Physiology, University of 
Edinburgh *. 

I. PRoOTEIDS OF THE THYROID. 


THE earliest paper dealing fully with this subject is that of Bubnow”. 
It was published in 1884. Ten years later we find in this Journal a 
paper by Gourlay”® covering the same ground. As Gourlay’s paper 
contains no reference to that of Bubnow and as their results are quite 
conflicting I propose to reserve any criticism of their work until I have 
described my own investigations. 

I have employed almost exclusively the fresh thyroid of the sheep. 
The glands, freed from connective tissue and fat, were finely chopped 
and then extracted in the cold with water, 5 °/, magnesium sulphate or 
dilute alkali (1 in 1000 caustic soda). Asa rule extraction was repeated 
thrice for a period of about 6 hours each time, a few drops of chloroform 
being added to prevent putrefaction. The product was then strained 
through muslin. The resulting fluid is in each case reddish in colour, 
and, especially when alkali is employed, of a distinctly ropy con- 
sistence. 

If one adds to the fluid a few drops of acetic acid an abundant white 
flocculent precipitate is produced and soon settles to the bottom leaving 
a reddish-brown layer of clear supernatant fluid. Such a precipitate 
was obtained by Bubnow and consisted, according to him, of a substance 
which he named ‘ thyreoprotin’ and which he identified as what is known 
to histologists as the colloid matter of the thyroid. No doubt this is 
the same substance as that obtained by Gourlay in his endeavour to 
extract a nucleo-albumin from the thyroid by the acetic acid method of 
Wooldridge. Gourlay states that the precipitate he obtained was 


* Towards the expenses of this research a grant was made by the British Medical 
Association on the recommendation of the Scientific Grants Committee, 
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scanty, and this is in harmony with the teaching of many text-books that 
the colloid matter of the thyroid is only with difficulty precipitated by 
acetic acid. I believe this to be quite an erroneous impression. The 
colloid matter is soluble in excess of acid—even of acetic acid—but if 
care be taken to avoid adding such excess the colloid matter is precipi- 
tated with great ease and in great abundance. It can be purified by 
re-dissolving in dilute alkali and re-precipitating with acetic acid. We 
may now pass to a consideration of the properties of the substance after 
its purification. 

1. Solubilities. It is soluble in water, but more readily in dilute 
saline solutions, and most readily of all in alkaline media. 

It is completely precipitated from its solutions by saturation with 
sulphate of magnesium or of ammonium. It is not completely precipi- 
tated by saturation with common salt nor by the passage through a. 
dilute solution of a stream of carbonic acid. 

It is, as we have seen, easily precipitated by acetic or by dilute 
hydrochloric acid, but the precipitate is readily soluble on adding 
excess. 

2. It gives all the ordinary proteid reactions quite distinctly. 

3. Effect of heat upon solutions. This varies, even more than in 
the case of other proteids, with the reaction of the fluid and the amount 
of saline matter present. Thus if to an alkaline solution of the colloid 
enough acetic acid be added to produce a distinct opalescence and this 
solution be now heated, flocculi separate out at a very low temperature 
—40° C. or even less. 

I have determined the coagulation point in a 5°/, magnesium 
sulphate solution in the usual way. If the solution be kept faintly acid 
with acetic acid the coagulation point is found to be 57°C. This is the 
same temperature as that found by Bubnow for his ‘thyreoprotin’ 
and by Gourlay for the ‘ principal proteid of the thyroid.’ If the fluid 
be only very faintly acid to start with, part only of the substance 
separates out at this temperature and its separation is accompanied by 
the appearance in the fluid of a slightly alkaline reaction which causes 
the rest of the substance to remain in solution even although the 
temperature be subsequently much raised. This, of course, is apt to 
happen with any proteid but much more readily in the case of a 
substance such as this which is so readily soluble in alkaline media. 
Unless one proceeds carefully, therefore, the fact may be overlooked 
that the whole of the substance separates out, if kept for 5 minutes 
under proper conditions, at a temperature of 57° C. 
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4. Effects of boiling with a mineral acid. A considerable quantity 
of the freshly precipitated substance was boiled with 5°/, sulphuric acid © 
for 2 hours with the use of an inverted condenser. There resulted a 
dark-brown fluid and a small amount of a dark-coloured and finely 
flocculent deposit. This deposit will be alluded to later. Part of the 
filtrate was neutralised with caustic potash. The sulphate of copper 
test gave in it a peculiarly brilliant biuret reaction but no trace of the 
presence of a reducing substance—even on prolonged boiling. The 
substance, therefore, differs both from mucin and from pseudomucin in 
yielding no cupric oxide reducing body. This is entirely in harmony 
with what Bubnow found for his ‘thyreoprotin, and with what 
Gourlay proved for the. thyroid as a whole. The rest of the original 
filtrate was neutralised with baryta water, the precipitate of barium 
sulphate filtered off, the excess of baryta removed by a stream of CO, 
and the filtrate rendered alkaline by ammonia. The precipitate of 
phosphates was removed and nitrate of silver solution added to the clear 
filtrate. Not a trace of a precipitate resulted. One may therefore 
conclude that the substance yields no nuclein bases and that con- 
sequently it contains no true nuclein. 

5. Elementary analysis. The substance was prepared for this by 
precipitation from its dilute alkaline solution by acetic acid. It was 
purified by being thrice reprecipitated and was then washed thoroughly 
with cold and hot alcohol and subsequently with ether. It was finally 
dried to constant weight at 105°C. Part of the substance was tested 
for the presence of lecithin by the cholin test and the latter found to be 
absent. The presence of both sulphur and phosphorus was proved by 
the ordinary qualitative reactions after incineration with pure saltpetre 
and soda. A quantitative determination of the N and P only was made, 
the relative proportions of these being considered that which it was 
most important to determine. The method employed was Weibull’s 
(incineration with strong sulphuric acid and a crystal of pure sulphate 
of copper’). The N was estimated in part of the resulting fluid by 
means of Kjeldahl’s method. The rest of the fluid was rendered 
strongly alkaline with ammonia and the phosphorus estimated in the 
usual way. The nitrogen was found to amount to 15: 5°/,, the phosphorus 
to only 0°045 ‘lo 

Gourlay gives no analysis of his principal proteid. Bu bnow has 
the following as the average percentage composition of his thyreoprotin 


1 Vide Chemiker Zeitung, 1892, xv1. No, 90. 
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obtained by extraction with dilute KOH and precipitation with acetic 
acid : 


Thyroid of man. Thyroid of calf. 
C 50°27 50°2 
6°47 6°34 
N 15°8 16°10 
8 1°35 1°34 
26-11 26°02 


He says nothing about the presence or absence of phosphorus. 

I then incinerated another part of the substance in an open capsule. 
It was found to be practically ash free. I could not find any calcium 
present. 

It was at this time that Baumann® announced the presence of 
iodine in the thyroid gland. I examined about a gramme of the 
substance for it by carefully incinerating it, at as low a temperature as 
possible, in the presence of an excess of caustic soda. On rendering the 
filtrate of the ash acid with nitric acid the solution became of a 
yellowish tint and on shaking up with chloroform the latter, as it fell to 
the bottom, assumed a bright rose violet tint, proving unmistakably the 
presence of free iodine in the solution. , 

The substance then is characterised by the presence in it not merely 
of phosphorus but also of iodine in quite appreciable quantity. 

- We may now pass to 

6. Effect of gastric digestion on the substance. The precipitate 
produced by acetic acid in a dilute alkaline extract of fresh thyroids was _ 
purified in the usual way by re-precipitation and washing with alcohol 
and ether. It was then placed in 025 HCl and left at a temperature 
of 40° C. for several hours. The substance swelled up under this 
treatment to a jelly-like mass but no solution of it occurred. 

Some pepsin-filtrate (obtained by extracting the fresh mucous 
membrane of the pig’s stomach with 0°25 °/, HCl) was then added and 
the mixture placed in the incubator. Proceeding in this manner it was 
found in several experiments that at the end of a considerable time the 
original substance had entirely gone into solution but that there had 
settled to the bottom of the beaker a rather scanty, brownish, flocculent 
residue. The fluid was then filtered. The filtrate gave on neutralisa- 
tion a biuret reaction of extraordinary brilliancy even in the cold. The 
flocculent residue was found to be very easily soluble in dilute alkali. 
The solution was of a very dark colour. On rendering it faintly acid 
with acetic acid an abundant brownish grey precipitate separated out in 
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large flocculi and at the same time a peculiar smell, resembling that of 
sulphuretted hydrogen, was emitted. The flocculent precipitate was 
collected and redissolved in dilute soda solution. The ordinary proteid 
tests were applied to the solution with ertirely negative results. It 
gave not a trace of violet with sulphate of copper. On adding acetic 
acid the flocculent precipitate again appeared but dissolved readily in 
excess of the acid and on then adding a drop of ferrocyanide of potash 
solution no precipitate appeared. We are confronted, therefore, with 
the striking fact that the residue which separates out upon gastric 
digestion of the original substance is entirely proteid-free. 

This proteid-free body can be obtained from the products of the 
gastric digestion of the original substance in other ways. If, for 
example, one allows the process of digestion to proceed for only a short 
time, say 6 hours, one finds that the original substance has already gone 
entirely into solution. If one now filters this solution to be sure that 
there are in it no flocculi in a fine state of suspension, and then saturates 
the clear fluid with sulphate of ammonium, there results an abundant 
brownish precipitate which floats to the top of the saturated solution. 
If now one skims this off and adds to it an excess of distilled water by 
far the larger part of the precipitate goes into solution. There remains, 
however, an insoluble brownish residue which is found on further 
examination to be none other than the proteid-free body already 


_ described. The rest of the precipitate—that which went into solution— 


consists of albumoses which can be recovered by again saturating their 
solution, and the precipitate which rises to the top is now found to be 
nearly colourless and on re-solution gives an intensely bright biuret 
reaction, 

Another way of obtaining the proteid-free body is to add to the 
clear fluid which results from a 6 hours’ digestion of the original 
substance some solution of an alkali until the reaction of the mixture is 
only faintly acid. When that point is reached the proteid-free body 
separates out in a flocculent form and can be removed by filtration. If 
the filtrate be now saturated with sulphate of ammonium the precipitate 
obtained is almost colourless and is soluble in its entirety. It consists 
solely of albumoses. 

These experiments teach us that the proteid-free body is split off at 
an early stage of gastric digestion but that it only separates out 
spontaneously when digestion has proceeded for some considerable time 


longer. 


The filtrate which is left after saturation of the digest with sulphate 
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of ammonium gives the peptone reactions and, as one would expect, 
these are obtained the more easily and brilliantly the longer digestion 
has been carried on. 
; The substance with which we have been dealing, then, yields on 
gastric digestion two sets of substances— 
(1) hydrated proteids (albumoses, peptone), 
(2) - a proteid-free residue. 

I have found that 25 grammes of the substance yield about 
114 grammes of hydrated proteids and only about 0°8 gramme of the 
proteid-free body, all dried at 105° C. 

It will be remembered that the original eihiteans contained both 
iodine and phosphorus. It is of interest to inquire, What becomes of 
these constituents on digestion? In which set of products are they to 
be found? The reply to these questions is quite clear. If one examines 
the two sets of products it is found that iodine is contained in both of 
them—both in the albumoses and peptone and in the proteid-free body. 
In the former, however, it is present in small amount, in the latter in 
relatively large amount. The proteid-free body on the other hand alone 
contains the phosphorus. 

Of the albumoses little further need be said. As far as I have 
examined them they resemble ordinary albumoses save in the fact of 
their containing iodine and also, perhaps, in giving a more brilliant 
biuret reaction than usual. The same remarks apply to the peptone 
obtained. One may, therefore, pass to a more detailed consideration of 
the characters of the other product of gastric digestion—the proteid-free 
body. This body presents itself, as we have seen, in the form of a 
greyish-brown flocculent precipitate. It is insoluble in water or dilute 
saline solutions but very readily soluble in dilute alkalies. It is precipi- 
tated on rendering the solution faintly acid but re-dissolves again with 
great readiness in excess. It is completely precipitated on saturation of 
its solutions with sulphate of ammonium. 

The sulphate of copper and ferrocyanide of potash tests yield with it 
entirely negative results. Millon’s test gives a scanty brownish-red ~ 
precipitate. 

It is not precipitated by potassio-mercuric oxide and only slowly by 
mercuric chloride. It does not react as an acid nor does its acetic acid 
solution cause a precipitate of syntonin in an acetic acid solution of the 
latter. 

Elementary analysis. The substance was purified by re-precipitation, 

thoroughly washed with alcohol and ether and dried at 105°C. In all 
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09 gramme of a very dark, somewhat glancing powder was obtained 
(representing about 150 grammes of fresh thyroid). The substance was 
first examined for the presence of sulphur. A small part was incinerated 
with pure soda and saltpetre. | 

The ash was dissolved in dilute HCl, the solution evaporated to 
dryness (Hammarsten). After cooling, the residue was re-dissolved 
in HCl and some barium chloride solution added. The presence of 
sulphur was shown by the appearance of a very distinct precipitate. 

N and P were estimated together, as in the case of the original 
substance, by Weibull’s method. It is noteworthy that on the addition 
of the strong sulphuric acid and the application of heat purple fumes 
were seen to come off and on examination these gave the starch 
reaction for iodine. The result of the analysis showed that the 
substance contained 12°9°/, N and 08°/, P. This may be compared 
with the result of a similar analysis of the original substance thus— 


Original substance. Proteid-free body derived from it. 
N 155%, °/, 
P 08%, 


It will be seen at a glance that the proteid-free body differs from 
the substance from which it is derived in containing less nitrogen and 
much more phosphorus. 

I made a quantitative estimation of the iodine in the substance as 
follows. Half a gramme was incinerated at a temperature not exceeding 
dull redness in the presence of an excess of pure caustic soda. A small 
quantity of nitrate of potassium was afterwards added to facilitate the 
process. The solution of the residue in water was cooled and HNO, 
added: the solution became of a brownish colour. A few drops of 
sulphurous acid were then added and immediately afterwards an excess 
of nitrate of silver solution. The yellowish precipitate was allowed to 
settle, was then collected, washed with dilute nitric acid and with 
ammonia, dried, incinerated, weighed and the amount of iodine calculated 
from the iodide of silver found. It amounted to 0°7°/, iodine. By the 
method employed it is difficult to avoid some loss, so that this figure 
must be taken as only an approximation. I did not make a quantitative 
estimation of iodine in the albumoses, but there is no doubt from the 
results of qualitative tests that it would be very considerably less than 
this. 

So far we have been dealing with one proteid substance—that which 
is precipitated from extracts of the thyroid by means of acetic acid. 
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We have seen that this corresponds to the ‘thyreoprotin’ of Bubnow 
and the ‘principal proteid’ of the thyroid of Gourlay, and no doubt 
represents chemically what is known to histologists as the colloid 
matter of the thyroid. It is by far the most abundant proteid substance 
separable from the gland, just as the colloid matter bulks most 
largely in a microscopic section of the organ. The micro-chemical 
characters of the colloid matter also correspond exactly to what one 
would expect the body isolated as above to exhibit. Thus Langen- 
dorff finds that the colloid matter gives, microscopically, the general 
proteid reactions; he describes it as insoluble in boiling water but very 
readily soluble in dilute alkaline solutions; he finds it to be very rapidly 
dissolved on gastric digestion. Gourlay has found it to give a positive 
reaction with Lilienfeld and Monti’s test for the micro-chemical 
localisation of phosphorus, although I am aware that Heine has 
impugned the value of that test. I propose, therefore, to refer to the 
substance in what remains of this paper as the ‘colloid matter.’ 

Can we, then, arrive at any idea of the chemical nature of this 
colloid substance from a consideration of the facts already described ? 
I think we can. Or at all events if we may not be able to dogmatise 
as to what exactly it is, we can, I think, attain to absolute certainty as 
to what it is not. 

In the first place, then, the colloid matter is not mucin nor is it 
allied to that substance. It is soluble in excess of acetic acid; it yields 
no reducing substance on boiling with mineral acid. It is, perhaps, a 
nucleo-albumin? Gourlay has described his principal proteid which 
he himself declares to be the colloid matter as a nucleo-albumin. His 
line of reasoning. seems to be this. The substance yields a residue on 
digestion which contains phosphorus. This residue is therefore nuclein. 
The colloid matter of the thyroid is found, micro-chemically, to contain 
phosphorus, therefore the colloid matter is probably a nucleo-albumin. 
But is the residue of a gastric digest to be regarded as consisting of 
nuclein merely because it contains phosphorus? By no means. In 
order to prove that such a residue consists of true nuclein it must be 
shown that nuclein bases (xanthin &c.) can be obtained from it. But 
I have shown that the colloid’ matter yields no nuclein bases when 
boiled with a mineral acid, therefore it contains no true nuclein, nor 
does the residue in this case consist of paranuclein (of Kossel— 
‘pseudo-nuclein’ of Hammarsten). Firstly because it is proteid-free, 
secondly because it contains too little phosphorus (0°4 °/,). 

The colloid substance, then, not being allied to mucin and not being 
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a compound either of nuclein or paranuclein, into what group of proteids 
does it fall? I think that, provisionally at least, it may be regarded as 
a compound proteid consisting (probably) of a globulin not very firmly 
united to a non-proteid body, the latter containing not only sulphur but 
also phosphorus. The compound is further distinguished by the presence 
in it of iodine in firm organic combination. On dissociation of the two 
partners in the compound the iodine is found to be chiefly contained in 
the non-proteid part; some, however, adheres to the proteid constituent. 
I think it is not improbable that the colloid matter is a substance 
of not quite constant composition. We know, for instance, that its 
microscopical appearance varies somewhat in different glands and in 
different parts of the same gland, and it may well be that these 
differences correspond to differences in chemical composition. The 
amount of water contained in the colloid matter—in other words its 
greater or less dilution as it occurs in the acini of the gland—would 
account, I believe, for some of these different appearances. It is quite 
possible too that the relative proportions of its proteid and non-proteid 
constituents vary from time to time and under different degrees of 
activity of the gland. Bubnow, indeed, has gone so far as to describe 
three ‘thyreoprotins’ as derivable from the thyroid. He first extracts 
the glands with 10°/, salt solution, then with 0-1 °/, KOH, and then again 
with 01 KOH. To each solution he adds acetic acid. The resulting 
precipitates resemble one another in all points except in percentage 
composition. The differences he finds, however, are so small as hardly 
to fall outside the necessary limits of error, and it would require much 
stronger evidence than he has adduced to show that the colloid matter 
is not one substance but a mixture of three substances. 

Baumann® has described the iodine of the thyroid as present in two 
proteids—one, the more abundant, an albumin, the other a globulin. As 
far as I can gather he founds this opinion upon the fact that the whole 
of the iodine-containing substance is not thrown down when a stream of 
CO, is passed through a dilute extract of the gland. But as I have 
shown the colloid matter is not completely precipitated by such treat- 
ment. On the other hand the whole of the iodine-containing substance 
is thrown down when acetic acid is added to an extract of the gland, 
the filtrate (as I have frequently satisfied myself) being in that case 
iodine-free. Saturation with sulphate of magnesium also precipitates 
the whole of the iodine-containing substance. So that I think there is 
no evidence for its being present in the form both of an albumin and a 
globulin, 
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Whether the presence of iodine in the albumoses and peptone 
derived from the hydrolysis of the colloid matter is to be attributed to 
imperfect splitting off of the non-proteid constituent I am not prepared 
to say. Against such a view are the two facts (1) that dissociation of 
the two constituents occurs very readily—even after quite a short period 
of gastric digestion—and (2) that even after prolonged boiling of the 
colloid matter with mineral acid iodine is still to be found in the 
resulting albumoses. Thus after boiling the albumoses with 10 °/, 
sulphuric acid for 3 hours they still contained iodine. Repeated 
extraction with boiling alcohol also only partially removes an iodine- 
holding compound from them. 


OTHER ’PROTEIDS OF THE THYROID. 


We have seen that the colloid matter of the thyroid is not to be 
regarded as a nucleo-albumin. The question then arises, Is there any 
nucleo-albumin present in the gland at all? I have tried to settle this 
point by the employment of Halliburton’s method for the separation 
of nucleo-albumins. A large quantity of fresh sheep’s thyroids were 
chopped up and then pounded in a mortar with an equal bulk of 
common salt till a viscous paste was formed. This was then poured 
into excess of distilled water and vigorously stirred. After standing 
for a short time a scum appeared upon the surface. This ought to 
consist of nucleo-albumin, but I cannot agree with Gourlay in regarding 
the yield as large, it is, indeed, in my experience rather scanty. The 
scum was collected and placed in 2°/, carbonate of soda solution. Most 
of it dissolved, some particles of fat being left which were removed by 
filtration. On adding acetic acid to the filtrate a white precipitate 
fell out which was collected and subjected to gastric digestion. The 
residue differed from that which is left on gastric digestion of the 
colloid matter in being colourless instead of dark brown, It was rich 
in phosphorus, but I have not been able to prepare enough of it to make 
accurate quantitative estimations. I think, however, that there can be 
little doubt that we are here dealing with a true nucleo-albumin and 
that it is probably derived from the cells lining the acini of the gland. 
I have not yet been able to satisfy myself whether or not it contains 
any iodine. Having removed the above-mentioned scum of nucleo- 
albumin and fat, I removed the débris of the glands which had fallen to 
the bottom by filtration. The filtrate was a reddish-brown fluid. On 
adding to it a few drops of acetic acid an abundant white precipitate 
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tell out, showing that the colloid matter had remained in solution— 
one was dealing, in fact, with a dilute saline solution of it. The colloid 
matter is, therefore, not affected by Halliburton’s method. 

The absénce of proteoses and peptone from the thyroid having been 
quite sufficiently proved by the experiments of Gourlay, I did not think 
it necessary to examine for them again. He has also shown that the 
thyroid contains no mucin. I agree with him also that the only other 
proteids to be found in the gland are traces of serum albumin and 
globulin, no doubt derived from its blood vessels and lymphatics. 

Practically, then, the thyroid contains only two proteids. The 
colloid matter, which is a substance of very peculiar character sufficiently 
described above, and present in very large amount; and a nucleo- 
albumin, probably derived from the cells of the gland, apparently 
resembling the nucleo-albumins derived from other cellular organs, and 
present only in very small amount. 


Il EXTRACTIVES OF THE THYROID. 


Of these. Bubnow was able to isolate xanthin, hypoxanthin, sarco- 
lactic acid and creatin. He failed to find any guanin. 

More recently the presence of inosit has been shown by Tambach ® 
and Gottlieb”. 

Within the last few months the extractives of the thyroid have 
assumed a new importance from the fact that Fraenkel® isolated from 
them a crystalline substance which he named ‘Thyreo-antitoxin’ and 
to which he attributed a very important réle in the functional activity 
of the gland. He obtained this body by making an alcoholic extract of 
the syrupy residue left on evaporation of a proteid-free extract of the 
fresh glands. On addition of acetone or ether to the alcoholic solution 
the substance crystallises out. He gives for it the formula O,H,,N,0, 
and it has many of the characters of an alkaloid. According to the 
formula the substance would seem to belong to the guanidin series, _ 

Drechsel™ has isolated a body apparently identical with Fraenkel’s 
and in addition another base closely resembling it. To both he 
attributes physiological activity. 

My own observations on the extractives of the thyroid have no 
pretence to being exhaustive. I have found the gland to be fairly rich 
in extractive substances and have been able to confirm the presence of 
those described by Bubnow. I have repeated the experiments of 
Fraenkel, but even with the use of fairly large quantities of the gland 
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I have not been able to obtain anything more than a mere clouding on 
the addition of acetone or ether to the alcoholic extract. Further, I 
have found that an extract of the Thymus similarly treated gives a 
similar result. It is quite possible, however, that there exists in the 
thyroid amido-bodies hitherto undescribed, but at all events I am quite 
sure that such bodies are not the cause of the therapeutic activity of 
the thyroid. The grounds for this statement will be set forth later. 


IIL. THE AcTIVE CONSTITUENT OF THE THYROID. 


Having isolated the different constituents of the thyroid by the 
methods above mentioned there remained the task of ascertaining to 
which of these it is that the gland owes its activity. 

The preparations I first wished to try were two in number, (1) the 
extractives of the thyroid gland, (2) the colloid matter. 

I prepared the former (extractives) by removing all proteids fro a 
dilute alkaline extract by means of acetic acid and boiling. The filtrate 
was then evaporated down so that a given quantity of it represented a 
known amount of the fresh gland. 

The pure colloid matter was prepared in the method I have already 
described when speaking of its elementary analysis. I find that 10 
grammes of the fresh gland yield on an average 1 gramme of dried 
colloid. 

Dogs were employed in all the experiments. The thyroid was 
removed in its entirety and under an anesthetic. As a rule the 
administration of the preparation which one wished to test was begun 
on the day following the operation. This was to ascertain whether that 
preparation was able to ward off the acute symptoms. In a few cases 
acute symptoms were allowed to supervene, and then one tried whether 
the administration of the preparation under trial was capable of cutting 
these short. 


Exp. I. Js the active substance among the extractives ? 

Dog. 6 kilos. 

June 29. Thyroid removed under ether. | 

June 30. 3ii proteid-free extract (equivalent to 15 grammes of fresh 
gland) given in milk. | 

Dose repeated in evening. 

July 1. Seems quite well this morning. 

Above dose repeated. 

Noon, Stiffness of hind legs neldend. 
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2 p.m. No longer able to stand owing to tonic rigidity of limbs, clonic 
spasm of jaws, marked dyspnea. 
(For subsequent history see Exp. 4.) 


We see, then, in this experiment, that the administration of the 
total extractives failed to prevent the onset of typical acute symptoms. 


The amount of extractives given daily was equivalent to 30 grammes of 
fresh thyroid, or, roughly speaking, to the thyroids of 5 sheep. 


Exp. II. Is the colloid matter active ? 

Dog. 5 kilos. 

May 19. Thyroid removed under ether. 

May 20. 0°3 grm. dried colloid (=3 grms. fresh gland) given in milk. 

May 21. Same dose, morning and evening. 

May 22. Double dose, morning and evening. 

May 26. Still quite well; getting 0°5 grm. colloid morning and evening 
(= 10 grms. fresh gland daily). 

May 27. Gave last dose of colloid this morning. 

May 29. Perfectly well till to-day. Muscular tremors noticed this 
morning. Slight stiffness of hind limbs and difficulty of walking. Respira- 
tion somewhat laboured and rapid. 

Mid-day. Symptoms have rapidly progressed. Slight general clonic 
spasms now. Refuses food. 

l p.m. Unable to stand; excessive dyspnea and powerful convulsions. 
Seems to be in extremis. 

1.30 p.m. Gave 1 grm. colloid in milk by aid of a spoon. 

(Five minutes later.) Marked improvement noticeable already. Convul- 
sions and dyspnea have almost ceased. 

(1 hour later.) Except for slight tremulousness of hind limbs seems 
perfectly well. Is able to swallow milk without any difficulty. 

6 p.m. Perfectly well. 0-5 grm. colloid in milk. 

May 31. Since last note has had 0°5 grm. colloid night and morning. 
Continues perfectly well. Last dose this morning. 

June 2. Since colloid was stopped has remained well till to-day. Some 
stiffness of hind limbs noticeable now and occasioual slight dyspnea. Takes 
food well. 

June 3. Symptoms increasing. Occasional slight convulsions. Some 
purulent conjunctivitis has developed. 

June 7. Continues in a very cachectic state with staggering gait, con- 
junctivitis and commencing opacity of left cornea. 

June 11. Emaciating very rapidly and cannot now swallow food. Killed 
with chloroform. 
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This experiment shows, I think, quite conclusively that the colloid 
matter is active. It will be noted that in the first 8 days after the 
thyroidectomy, during which time, on the average, an amount of dried 
colloid equivalent to 10 grms. of fresh gland was being administered 
daily, no acute symptoms appeared. In ordinary cases where no treat- 
ment is adopted acute symptoms begin within 3 days. The treatment 
was then stopped. For two days thereafter things went on as before, 
when, suddenly, on the third day after stopping the substance acute 
symptoms began just as if the thyroidectomy had been performed three 
days before. Further we note that after the acute symptoms had been 
allowed to last till the animal's life was in danger they were immediately 
cut short by the administration of another dose of colloid. I would call 
attention to the extraordinary rapidity of action of the substance— 
improvement began literally from the moment that it was swallowed. — 
Lastly it will be observed that as long as the administration of the 
substance was continued after this (May 29th—3lst) acute symptoms 
remained absent but reappeared again two days after it was finally 
stopped. 

uA is not, however, sufficient to have proved the activity of the colloid 
matter. The latter is really, as we have seen, a compound substance, 
made up of a proteid and a non-proteid element. The question then 
arises, Does the colloid matter owe its activity to the presence of one 
of these elements only or do both of them take part in the action? If 
so, are the two elements equally potent ? 

In order to answer these questions I prepared (1) some of the 
non-proteid constituent of the colloid; this was done by collecting the 
insoluble residue of peptic digestion and preparing it as already described 
when speaking of its elementary analysis; (2) some of the albumoses 
produced by peptic digestion of the colloid. After the non-proteid body 
had been entirely removed the fluid was concentrated and the albumoses 
either separated by saturation with sulphate of ammonium or pre- 
cipitated by means of alcohol. They were washed with alcohol and 
ether and dried. An almost colourless and somewhat hygroscopic powder 
resulted. 

The following experiments were made with these preparations :— 

Exp. III. Are the colloid albwmoses active ? 

Bitch. 44 kilos. 

June 9. Thyroidectomy. 

June 10. 4grm. (=10} grms. fresh gland) in milk morning 
and evening. 
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June 11. end, Sight nationale ; 
straddling and unsteady gait. 

1 grm. of albumoses in afternoon. 

June 12. In statu quo: refuses food: some commencing conjunctivitis. 
Gave 0°3 grm. colloid in afternoon. 

June 13. Stiffness of legs gone, or only slightly present at intervals. 
Still refuses food ; emaciating rapidly. 

June 17. Has had no treatment since last note: cachexia now well 
marked. Killed with chloroform. 

Exe. IV. TJs the non-proteid body active ? 

The same dog was employed as in Exp. I. 

On referring to the protocol of that experiment it will be seen that on 
July 1st the dog was suffering from the characteristic acute symptoms which 
follow thyroidectomy. As these symptoms showed no sign of abating, 
0-05 grm. (= 14 grms. fresh gland) of the non-proteid body was given in milk 
at 3.15 p.m. No improvement being noticeable within 20 minutes an ad- 
ditional quantity of 0-1 grm. (=3 grms. fresh gland) was given. In both cases 
the powder was administered by a spoon and some was lost each time. At 
4.30 p.m. 0°25 grm. (= 7} grms. fresh gland) was given by the stomach tube. 
Half-an-hour later improvement had set in. Dyspnea was less, and the 
rigidity had disappeared from the fore-limbs, although the hind legs were still 
spastic, The dog was not seen again till 8p.m. There was then a very 
marked change. Rigidity was quite gone, respiration quiet and slow. Was 
able to sit up and swallow milk containing other 0-1 grm. of non-proteid 
body. 

July 2. Perfectly well. No more powder given. 

July 3. Severe attack of dyspnea lasting 3 hours ; tremor but not much 
stiffness of muscles. 

July 4. These symptoms have disappeared again: dog seems well but 
refuses food. 

July 7. Since last note has had occasional slight spasmodic attacks but 
no dyspnea, Frequent muscular tremor. 

July 9. A large trophic ulcer has developed over false ribs on right side, 
surrounding skin gangrenous, edges undermined. 

Dog killed with chloroform. 


We can now, in the light of the results afforded by experiments 3 
and 4, return to the question, Are both the non-proteid and the proteid 
constituent of the colloid matter active? As regards the former—the 
non-proteid element—we can at once reply in the affirmative. In 
experiment 4 we have a dog which is suffering from the acute symptoms 
(dyspneea and convulsions) which follow the removal of the thyroid. A 
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comparatively small dose (less than 0°4 grm. in all) of the non-proteid 
part of the colloid is given and in a short time the dog is restored to its 
normal condition and remains quite well for 24 hours after the powder 
was taken, the symptoms only returning with the cessation of oe 
administration of the substance. 

As regards the proteid element of the colloid (¢.¢., in this case, the 
albumoses) the reply furnished by experiment. 3 is not so categorical. 
The administration of the albumoses even in considerable quantity from 
the morning following the operation failed to entirely prevent the 
occurrence of the symptoms which follow thyroidectomy. On the other 
hand these symptoms were in this case comparatively mild and there 
was an entire absence of the severe general convulsions which usually 
supervene. It seemed as if the albumoses kept the symptoms in check 
without being able entirely to prevent them. It is probable that with 
a larger dose no symptoms would have appeared at all. I have not had 
the opportunity of repeating the experiment, but in order that there 
may be no ambiguity about the matter I may say that since it was 
performed I have treated a case of myxcedema entirely by means of the 
albumoses derived from the colloid matter and with quite a satisfactory 
result. 

I would conclude, then, that the activity of the colloid matter 
resides both in its non-proteid and in its proteid part but in much 
larger measure in the former than in the latter, In confirmation of 
this statement I would only mention that in the case of myxedema 
above referred to I found that 0°05 grm. of the non-proteid element 
produced three times as great a loss of weight as 0-15 grms. of the 
albumoses had been able to effect in the same period of time. 

The colloid matter, then, is active as a whole and is, I believe, the 
only active part of the thyroid gland. This is, after all, just what 
@ priori considerations would lead us to expect. 

One of the earliest theories regarding the active ingredient of the 
thyroid was that it was of the nature of a ferment. This theory received 
a certain impetus from the fact that White and Davies™ prepared a 
powder from the thyroid by a method often employed for the separation 
of ferments, which powder was found to cure cases of myxcedema, 
Gourlay submitted the ferment hypothesis to the test of experiment 
and entirely failed to find any confirmation of it. I may further add 
that I have prepared the above-mentioned powder according to the 
directions of White” and find that the colloid matter is precipitated 
along with it in the course of preparation. It consists, in fact, of the 
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colloid matter plus some calcium phosphate. It is not surprising, 
therefore, that it should have been found active. 

Somewhat akin to this theory are the views of Notkin®™. He has 
isolated from the thyroid a substance which he terms ‘thyroproteid.’ 
He gets it by half saturation of a watery or saline extract of the glands 
with sulphate of ammonium and subsequent purification. The elemen- 
tary analysis of the substance, so far as he has yet described it, resembles 
very closely that of the colloid matter as found by Bubnow and myself. 
Many of its properties also are identical with the colloid but it differs 
from the latter in two very essential points. Firstly, it is iodine-free, 
and, secondly, it yields a reducing substance on boiling with mineral 
acid. The first of these points I am entirely at a loss to understand; I 
have not yet been able to repeat Notkin’s methods, but I quite fail to 
see how they can yield a proteid substance which is iodine-free. Unless 
he has overlooked the presence of iodine, which hardly seems possible, 
the only available explanation is that the colloid as I have described it 
is really a mother substance from which other proteid bodies can readily 
be derived, and one of these has been obtained by Notkin. As regards 
the second chief point of difference—the yielding by his thyroproteid of a 
powerfully reducing substance—I can only say that Bubnow, Gourlay, 
Fraenkel and myself have failed to find the presence of any substance 
in the thyroid which can be made to yield a cupric oxide-reducing body 
even after prolonged boiling with mineral acid. 

The experimental results of Notkin are even more surprising than 
the chemical. He finds that injection of large doses (2 grs. per kilo) of 
his thyroproteid into the veins or abdominal cavity of a partially thy- 
roidectomised animal causes death with symptoms of general paralysis. 
Repeated small doses produce a cachexia which, he says, closely 
resembles myxcedema. 

Upon the results of his own observations, and those of Fraenkel, 
Notkin builds up an ingenious theory as regards the functions of the 
thyroid which, as far as I understand him, is briefly this. There are 
constantly being produced as the result of metabolism in the body two 
substances. One is a toxin which tends to produce tetanic symptoms 
if allowed to accumulate in the body, the other is a peculiar proteid 
substance which, if similarly allowed to accumulate, produces the © 
cachectic state which we know of as myxedema. It is the function 
of the thyroid to antagonise these two substances. It effects the 
destruction of the first toxin by producing an antitoxin (Fraenkel’s 
thyreo-antitoxin) which is basic in nature and unites with and neutralises 
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the toxine. The convulsions which follow total extirpation of the 
thyroid are due, according to Notkin, to an arrest in the supply of 
antitoxin. The second substance—that* which would produce myx- 
codema—is (according to the theory of Notkin) conveyed to the thyroid 
gland and there split up by a ferment into twé constituents. One of 
these is of the nature of a carbohydrate and is set free, the other is a 
* proteid and is united to an organic iodine compound which renders it 
harmless. Notkin denies that the iodine-containing compound is able 
to prevent the convulsions which follow thyroidectomy and he believes 
that it can only cure myxcedema because there is still some thyroid 
tissue left to utilise it and make it unite with the proteid part of the 
substance, which (according to him) produces myxcedema. | 

Space would fail me were I to attempt. to criticise this theory in 
detail. I shall content myself with opposing to it a few established 
facts. And the first of these is this—that, as I have shown, the colloid 
matter by itself and without the presence of any antitoxin is able to 
prevent the convulsions which follow thyroidectomy. Notkin is ap- 
parently ignorant of the fact that the negative results of Gottlieb® 
when using ‘thyroiodin’ were due to his having a bad preparation of 
the substance. Banmann™, Hofmeister™ and Hildebrandt™ 
have since then abundantly proved its ability to cut short the convulsions 
which follow thyroidectomy. It is therefore not necessary to assume 
the existence of any special antitoxin. As regards the second part of 
the theory—that the colloid matter is not a useful substance produced 
_ by the thyroid but an injurious substance destroyed by it—I would 
remark 

(1) That no one has succeeded in proving the presence in the 
thyroid of any ferment. 

(2) That the immense preponderance of evidence is against the 
existence in the gland of any substance which yields a reducing body 
on boiling with acid. 

(3) That I have succeeded in curing cases of myxedema by the 
administration of the colloid matter as a whole—were Notkin night 
such treatment ought to make them worse. 

(4) That the statement that cases of myxcedema can only be cured 
when there is still some thyroid tissue left is a gratuitous assumption 
unsupported by any sufficient observation. 

I may now pass to the views of Fraenkel. In what has already 
been said I have had occasion to refer to his thyreo-antitoxin and to its 
probable chemical nature. Experimentally Fraenkel states that his 
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body is able to cut short the convulsions which follow removal of the 
thyroid in kittens and that it produces a loss of weight when adminis- 
tered to the healthy human subject. The accuracy of these observations 
I do not for a moment dispute. I would only point out that I have 
shown that the colloid matter, entirely free from-the presence of 
any thyreo-antitoxin, is able to prevent the convulsions which follow 
thyroidectomy. Further, the amount of thyreo-antitoxin present in 
the gland is far too small to allow of its being the active part of the 
thyroid as we know it therapeutically. As I have shown experi- 
mentally, the administration of even relatively very large amounts 
of the total extractives of the thyroid is quite unable to prevent the 
convulsions. I have also found that such a proteid-free extract is 
entirely inactive clinically and this result has recently been confirmed 
by the careful observations of Magnus Levy™. He found that a 
case of myxcedema which had reacted in the usual marked manner to 
the total thyroid entirely failed to do so when put upon thyreo-antitoxin. 
The question must not be misunderstood. It is not in the least sur- 
prising that if one takes an enormous quantity of thyroid and isolates 
from it a relatively very small amount of an amido-body that that body 
should be found when injected into animals to be possessed of some 
pharmacological activity. The same would probably be true of 
guanidin or any other member of the series. But this is a very 
different thing from saying that such a body is the active part, or even 
an active part, of the gland as we know it and as we use it thera- 
peutically. I would say, in short, that Fraenkel’s thyreo-antitoxin is 
uncalled for, seeing that the colloid matter is, by itself, able to produce 
all the effects which we associate with thyroid activity, including the 
arrest of the convulsions which follow removal of the gland and, further, 
that the evidence that his thyreo-antitoxin is able, even in doses 
representing colossal quantities of the original gland, to produce by its 
administration a progressive loss of weight in the human subject is as 
yet totally insufficient. The same remarks are applicable to the pre- 
tensions of Drechsel’s body as to those of Fraenkel’s, so we may pass 
now to a consideration of the recent work of Baumann and Roos®. 
As I have already mentioned in the course of this paper, Baumann 
was the first to describe the occurrence in the thyroid of an organic 
compound containing iodine. To this compound he has given the 
name ‘Thyroiodin.’ It is of interest to note how he obtains it. He 
boils the whole gland for some hours with 10°/, sulphuric acid. There 
results a dark-coloured fluid and a brown flocculent residue. The 
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latter is collected and treated with boiling rectified spirit. The residue 
left on evaporation of the alcoholic solution is dissolved in 1°/, caustic 
soda and on rendering this solution faintly acid the thyroiodin falls 
out as a flocculent precipitate. He finds it to contain phosphorus | 
(about 0°5°/,) and a relatively large amount of iodine—as much as 10°/, 
in some specimens. It gives no proteid reactions, Baumann also 
mentions that his thyroiodin can be extracted from the insoluble 
residue which is left behind on gastric digestion of the whole gland. 

The reader will at once notice that this substance, from which the 
thyroiodin is extracted, is identical with what I have already described 
as the non-proteid part of the colloid matter. I stated near the 
beginning of this paper that on boiling the colloid matter with dilute 
mineral acid there is left behind a dark-brown flocculent residue—just, 
in fact, what Baumann has found for the whole gland. Similarly, 
what Baumann has stated to occur upon gastric digestion of the 
gland I have shown to hold true of the colloid matter. In each case 
there is left behind an insoluble proteid-free residue containing about 
0°5°/, of phosphorus. There can be no doubt then, I think, that the 
substance from which Baumann extracts his thyroiodin is really the 
non-proteid part of the colloid matter. This he does by boiling it 
with rectified spirit as already described. Thyroiodin has been tried 
clinically in cases of simple goitre by Roos™ and others; in myxedema 
by Ewald™. It has undoubtedly been found to exert a curative 
effect. Experimentally its power to prevent the onset of the symptoms 
which follow thyroidectomy was at first denied by Gottlieb, but has 
since been clearly established by Hofmeister™, Roos™ and Hilde- 
brandt™. There can now be no question at all of its activity, and that 
even in very small doses. Nor does this contradict my own results. 
Rather is it in complete harmony with them. For if ‘thyroiodin’ 
is active the substance from which it is derived must also be active. 
But I have shewn that this substance is really none other than the 
non-proteid part of the colloid matter, which part I have proved both 
by experiment and by clinical observation to be possessed of marked 
activity. 

Baumann, however, apparently regards thyroiodin as representing 
practically the total activity of the corresponding quantity of the fresh 
gland from which it is derived. It is here that I differ from him. 
I have shown that the proteid part of the colloid is also to be regarded 
as possessed of activity—much feebler, it is true, than that of a cor- 
responding quantity of the non-proteid part, but the same in kind and 
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none the less real. Roos™ tried the effect of administering to patients 
with simple goitre the fluid residue which is left from a gastric digest 
after removal of the thyroiodin-containing body. And he found it to 
have at least some degree of activity. Had he tried it upon a case of 
myxeedema he would, I think, have found that its activity is greater 
than he supposed. As I have already mentioned, I have been able to 
cure a case of myxcedema by the use of the proteid part of the colloid 
matter alone without the aid of the non-proteid or thyroiodin-con- 
taining portion. In other words, the colloid matter is active as a 
whole, not merely in part. 

We have seen that thyroiodin and the non-proteid body from which 
it is derived both contain a considerable proportion of iodine. Further 
I have shown that the proteid part of the colloid must also be regarded 
as containing iodine although in a lesser degree. It must not, however, 
be supposed on this account that the iodine is necessarily the essential 
factor in the activity of the thyroid gland. One has only to realise the 
small proportion in which it is normally present—only a few milligrams 
in a whole gland—to be convinced of that. Further, the amount of 
iodine varies very greatly in different glands and (probably) in the same 
gland at different times. Not only so, but Baumann®™ has himself 
failed to find any iodine at all in the thyroid of some children. Yet I 
suppose such a gland is none the less active. The colloid matter, then, 
I conclude is the active substance—the part which the iodine plays it 
must play in virtue of the form of combination in which it occurs in the 
colloid, not in virtue of its being iodine. The exact chemical nature of 
the iodine combination it must be the task of future research to 
determine. 

I may now summarise the contents of this paper in the following 
propositions :— 

1. The thyroid contains two proteids—a nucleo-albumin and the 
colloid matter. 

2. The nucleo-albumin is present in small amount and is probably 
contained in the cells lining the acini. As far as it has been investigated 
it does not differ from other substances of the same class. 

3. The colloid is present in large amount and is contained in the 
acini. 

4. It contains a small amount of phosphorus and a considerable 
proportion of iodine. 

5. It does not yield a reducing substance on boiling with mineral 
acid nor can nuclein bases be obtained from it. 
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6. It is therefore neither allied to mucin nor is it a compound of 
true nuclein. 

7. Neither does it contain paranuclein. 

8. On gastric digestion it is split up into a non-proteid and a 
proteid part. This decomposition occurs very readily. 

9. Both of these parts contain iodine but the non-proteid much 
more than the proteid element. The former contains all the phosphorus 
of the original colloid. 

10. The colloid matter may shensioee be provisionally regarded as 
a compound proteid of peculiar constitution. 

11, The ordinary extractives are present in the thyroid in fairly 
large amount. Whether any hitherto unknown amido-bodies are present 
‘amongst these must be left still undecided. 

12. The colloid matter is the only active constituent of the gland. 

13. Both the non-proteid and the proteid parts of the colloid are 
possessed of activity but the former in much greater degree than the 
latter. 

The above research was carried out in the Physiological Laboratory, 
University of Edinburgh, during the time that I had the pleasure of 
acting as Chemical Assistant to Professor Rutherford. 

I cannot conclude without expressing my especial indebtedness to 
Dr T. H. Milroy for much valuable help and advice during the progress 
of my work. 
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THE chief interest of the present investigation centres round the question 
whether diffusion alone explains the transference of oxygen from the air 
of the pulmonary alveoli into the blood, or whether other important " 
factors are concerned in this process. If the oxygen tension of the blood 
leaving the alveolar capillaries is always, or even occasionally, higher 
than that of the alveolar air, diffusion alone evidently cannot explain the 
transference. 

The analogy presented by other organs of absorption or excretion 
would perhaps lead us to believe that absorption of oxygen by the lungs 
is probably not due to any simple physical process such as diffusion. 
On the other hand it does not seem at all clear that any physiological 
advantage would accrue from an active absorption of oxygen by the 
lungs. The red corpuscles of blood, saturated with air of alveolar 
oxygen tension (about 14°/, of an atmosphere in man), would contain 
very nearly as much oxygen as the hemoglobin is capable of absorbing’, 
so that any further increase in the oxygen tension of arterial blood 
would imply only a very trifling increase in the quantity of oxygen 
taken up by the blood If, therefore, the exposure of the blood to the 
alveolar air is sufficiently prolonged under all ordinary circumstances for _ 
saturation to occur by diffusion alone, no appreciable advantage would 
apparently result from an active absorption of oxygen. On this point 
however we have no experimental data, so that there is thus not much 


1 99°/, of the total quantity capable of being taken up from air, according to Hiifner’s 
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to be said on @ priori grounds as to the probabilities in favour of the 
one or the other view as to the cause of absorption. 

Before proceeding to give an account of our own experiments we 
must first refer to the chief investigations already made on the same 
subject. 


Previous Investigations. 

In 1868 Pfliiger carried out by means of the blood pump careful 
determinations of the oxygen contained in arterial blood, and in 
a sample the same blood saturated with air. He found that the 
blood direct from the artery contained 24°7 °/, of oxygen (at 760 mm. 
and 0°C.), and that the same blood saturated with air contained 262 °/,’. 
If we accept this result, and interpret it in the light of Hiifner’s more 
recent researches on the dissociation of oxyhwmoglobin* we are led to 
the conclusion that the oxygen tension of arterial blood is very low— 
about 5°/, of an atmosphere. Pfliiger’s conclusion that the arterial 
blood is not normally saturated with air seemed to receive confirmation 
from further experiments by himself* and by Ewald‘, who found that 
in apnoea the percentage of oxygen .in arterial blood was distinctly 
increased, 

A further well-known series of experiments carried out in Pfliiger’s 
laboratory by Wolfberg’, Strassburg®, and Nussbaum" gave for 
result that the tension of carbonic acid and oxygen in venous blood as 
determined by the aerotonometer is on an average about the same as 
that of the air in a portion of the lung which has been blocked off by 
obstruction of its bronchus. From these experiments the conclusion was 
drawn that the passage of gas from the alveolar air to the blood and vice 
versa is due to diffusion alone. The oxygen tension of venous blood was 
found by this method to be about 3°5 °/, of an atmosphere. Such a 
result seems most difficult to understand in the light of Htifner’s work 
on the dissociation of oxyhemoglobin. Venous blood is not more than 
about two-thirds saturated with oxygen; but with hemoglobin two- 
thirds saturated the oxygen tension is only about 0°7 °/, of an atmosphere. 
This consideration seems to suggest the possibility of experimental 
errors or fallacies in connection with the aerotonometer and lung- 


1 Pfliiger’s Archiv, 1. p. 70. 1868. 
2 Archiv f. (Anat. u.) Physiologie, 1890, p. 1. 


3 Loe. cit. pp. 71-78. + Pfliiger’s Archiv, vu. p. 575, 1873. 
5 Pfhliiger’s Archiv, tv. p. 465, 1871. ® Ibid. vt. p. 65. 1872. 
Ibid. p, 28. 
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catheter experiments. Such a possibility seems also to be suggested by 
some of the results obtained by Strassburg with lymph from the 
thoracic duct. Thus in one experiment’ the quantity of lymph which 
passed through the aerotonometer was 29c.c. The volume of oxygen 
contained in the aerotonometer at the beginning of the experiment was 
apparently about 0°54.c, and at the end 074cc. Thus 29c.c. of 
lymph had apparently given off 20 c.c. of oxygen to the apparatus. As 
the coefficient of absorption of lymph for oxygen cannot well be higher 
than that of water (024 at 37°) this experiment would seem to indicate 
that the oxygen tension of the lymph was at least 30°/, of an atmo- 
sphere. Such a high oxygen tension for lymph seems scarcely probable. 
Without entering into further criticisms we would venture to point out 
the need for further experimental control of these important investi- 
gations. 

Direct determinations of the arterial oxygen tension were first made 
by Herter* with the aerotonometer. He obtained only minimal values, 
the highest being 10°44 °/, of an atmosphere. 

The subject was again taken up some years ago by Bohr’, who 
devised for the purpose a much more perfect apparatus (the “ hamat- 
aerometer”) through which he was able to maintain during each 
experiment a constant and rapid stream of blood. He came to the 
unexpected conclusion that the oxygen tension may sometimes be 
slightly higher, and that the carbonic acid tension is often much lower 
in the arterial blood than in the alveolar air. From this he inferred 
that both absorption of oxygen and excretion of carbonic acid by the 
lungs are to a large extent active processes, and not due merely to 
diffusion. 

In a still more recent series of experiments Fredericq‘ used an 
aerotonometer similar to Pfliiger’s original one, but so arranged that a 
continuous stream of blood trickled through the apparatus and back to 
the animal, as in Bohr’s experiments. Fredericq found that the 
oxygen tension of arterial blood is about 12 to 14°/, of an atmosphere, 
and is always a little lower in the arterial blood than in the alveolar air. 
He criticises Bohr’s results on the ground that the latter did not 
present sufficient evidence that the gas tension in the blood and the air 
of the hwmataerometer had equalised themselves. This criticism does 


1 Phliiger’s Archiv, vu. p. 88. 
® Zeitschrift fiir physiologische Chemie, m1. p. 98. 1879. 
3 Skand. Archiv fiir Physiologie, 1891, p. 236. 

* Centralblatt fiir Physiologie, 1893, p. 33. 
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not explain away Bohr’s main conclusions, since in several of his 
experiments the latter found that the carbonic acid tension in the air of 
the aerotonometer sank from a point higher than, to a point lower than, 
that of the expired air. In two experiments a corresponding, though 
slight, rise in the oxygen tension in the hemataerometer over that in 
the expired air was also observed. 

It appears to us that there are serious reasons for doubting the 
correctness of the values for oxygen tension obtained either directly by 
the aerotonometer, or indirectly by means of the blood-pump. In 1867 
Pfliiger published' a number of experiments in which he showed that 
arterial blood, especially if kept warm, immediately on leaving the body 
uses up part of its own oxygen. He observed that there is always a 
distinct darkening in the colour of arterial blood within a few seccnds 
of its being shed. He also found that when blood was received straight 
from an artery into hot water in a very large vacuum (of 8 litres) 
instead of being pumped out in the ordinary way with a blood-pump 
possessing a 3 litre vacuum, the percentage by volume of oxygen 
obtained from the arterial blood was higher by from 0°2°/, to 10°/,—on 
an average 1°98°/,. Hence on an average 9°/, at least of the whole 
oxygen contained in arterial blood would seem to disappear very quickly 
after the blood leaves the body. This disappearance would account for 
a lowering in the oxygen tension of the shed blood from 21 °/, to about 
3°5°/, of an atmosphere, according to Hiifner’s dissociation curve. 
_ Even if only 05 °/, by volume of oxygen (i.e. 2°/, of the total quantity) 
had time to disappear before the blood passed through the aerotono- 
meter, the oxygen tension would be lowered from 21 °/, to about 11 °/,. 

Some of Fredericq’s later experiments* seem to afford strong 
confirmation to these suspicions. He found (experiment no. VIL) that 
when the animal was breathing a mixture containing 84° °/, of oxygen, 
the oxygen tension of the arterial blood, as determined by the aerotono- 
meter, was nevertheless only 56°2°/, of an atmosphere. This is just 
such a result as might be expected on the supposition that the oxygen 
tension falls considerably between the artery and the aerotonometer. 
On the diffusion theory supported by Fredericq, one would expect the 
oxygen tension of the aerotonometer, if the latter indicated correctly, to 
be about equal to the alveolar oxygen tension. With the high per- 
centage of oxygen used by Fredericq oxygen would diffuse into the 
blood about 5 times as rapidly as usual, although the blood could only 


1 Centrald, fiir die med. Wissensch., 1867, pp. 821, 722. 
? Centralb. fiir Physiologie, 1894, p. 84. 
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take up a very little more of the gas. Hence, if the oxygen tension of 
the blood is only a little below that of the alveolar air under ordinary 
conditions, the difference ought to be still less, on the diffusion theory, 
when a mixture rich in oxygen is breathed. The difference actually 
found by Fredericq was, however, much greater. . 

These considerations tend to throw grave doubts on the results | 
obtained by the aerotonometer ; and, unless it can be shown that there 
is no loss of oxygen by the arterial blood in reaching or passing through 
the aerotonometer, it would seem that no stress can be laid on the low 
oxygen tensions inferred from blood-gas analyses, or from the experi- 
ments of Herter, Fredericgq and others with the aerotonometer’. With 
Bohr’s hwmataerometer, through which there is a very rapid flow of 
blood, the danger of a too low result would seem to be less. 


Description of the New Method employed. 


The method we have employed avoids the probable sources of fallacy 
of the aerotonometer, and at the same time presents the further 
advantage of being applicable under normal conditions to the animal or 
man experimented on. The experiments described in the present paper 
were all made on man. 

_ The principle of the method has already been indicated in a recent 
paper by one of us*, and is briefly as follows. The subject of the 
experiment continues to breathe air containing an exactly known very 
small percentage of carbonic oxide until a point is reached at which the 
percentage saturation of his hemoglobin with carbonic oxide becomes 
constant. Now the final saturation with carbonic oxide of hemoglobin 
solution brought into contact with gas containing carbonic oxide and 
oxygen depends on the relative tensions of the carbonic oxide and oxygen 
in the liquid, so that if the tension of carbonic oxide, and the final satura- 
tion of the hemoglobin be known, the oxygen tension can be inferred’. 
Hence if in the living subject both the carbonic oxide tension in the 
blood leaving the lungs, and the final saturation of the hemoglobin with 
carbonic oxide, are known, the oxygen tension of the blood leaving the 
lungs can be calculated. But the carbonic oxide tension of the blood 


1 The carbonic acid tensions indicated by the aerotonometer may be considerably too 
tension must rise. 

2 ‘This Journal, xvim. p. 466. 1895. 

3 Ibid., p. 450, See also the experiments given below. 
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leaving the lungs will (after absorption has ceased) be that of the inspired 
air, after allowance has been made for dilution of the latter by aqueous 
vapour. Therefore from a knowledge of the percentage of carbonic oxide 
breathed by the subject of the experiment, and of the final saturation of 
his blood with carbonic oxide, the oxygen tension of his arterial blood 
may be calculated. 

The apparatus for continuously administering a given percentage of 
carbonic oxide to the subject of the experiment was exactly the same 
(including the mixing bottle and a spring clamp for the nose) as that 
described and figured in the previous paper. As regards regularity of 
working and complete comfort to the subject this apparatus left nothing 
to be desired. In the present experiments we took the additional 
precaution of analysing each time the gas left in the large measuring 
cylinder (C. Fig. 1, previous paper) at the end of an experiment, and 
allowing for the impurities found to be present. As these impurities 
could only consist of air or traces of carbonic acid we usually contented 
ourselves with determinations of the carbonic acid and oxygen or 
nitrogen. The latter gas was determined by absorbing the whole of the 
carbonic oxide and oxygen by means of ammoniacal cuprous chloride 
solution, and measuring the residue, which consisted of nitrogen. The 
amount of air could be calculated from the nitrogen or oxygen, as we 
found from several analyses in which the various gases were separately 
determined. 

The method of determining the percentage saturation of the hamo- 
globin with carbonic oxide was shortly described in the previous paper ; 
but on account of the importance of these determinations a more full 
description seems desirable. A number of narrow test-tubes of exactly 
equal diameter (about } inch) and each holding about 6 c.c. were taken, 
and 2°0 c.c. of water (saturated with air) were measured off from a narrow 
burette into each. At the beginning of an experiment 2 cubic millimetres 
of the blood of the subject were measured off in the ordinary way by 
means of a Gowers’ hemoglobinometer pipette into each of about six of 
the tubes, and the solutions well mixed. Each tube thus contained 
20c.c. of a 1°/, solution of the blood of the subject. 4c.c. of the same 
solution were also thoroughly saturated with coal-gas and placed in 
another shorter tube (of the same diameter), which was filled full and 
corked up. In this tube the hemoglpbin was of course completely 
saturated with carbonic oxide. After the subject had breathed the 
carbonic oxide for a sufficient time 2 cubic millimetres of his blood were 
again measured off, and diluted with water in one of the tubes as before. 
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The solution in this tube was pinker than that in the tubes previously 
prepared. The relative degree of pinkness was determined as follows. 
A standard solution of carmine’ was added from a narrow burette to one 
of the tubes of normal blood solution until its tint was the same as that 
of the blood under examination. Not more than -05 to ‘1 c.c. of carmine 
was added at a time, and the mean value was taken between what was | 
just too little and just too much carmine. Addition of the carmine 
was then continued until the tint was equal to that of the blood solution 
saturated with carbonic oxide. Supposing that ‘45c.c. of carmine was 
required to produce equality of tint with that of the blood taken during 
the experiment, and 2°5c.c. to produce equality of tint with that of the 
saturated blood, then, as 2°5c.c. of carmine in 4°5c.c. of liquid were 
required to produce saturation tint, and only ‘45cc. of carmine in 
2°45 c.c. of liquid to produce the tint of the blood under examination, 
the percentage saturation of the latter could be calculated by the 
following sum : 

45° 245 

A slight correction is required on account of the fact that carboxy- 
hemoglobin is partly dissociated when diluted to a hundredth with 
water saturated with air. In a solution saturated with air and contain- 
ing hemoglobin 33°/, saturated with carbonic oxide the tension of the 
latter gas would, as shown below, amount to 05°/, of an atmosphere. 
Accordingly, since the coefficient of absorption of carbonic oxide at 15° 
is ‘025, water saturated with carbonic oxide at 05°/, tension would 
contain in solution 2°5 x ‘0005 = 00125 °/, by volume of carbonic oxide. 
But as blood saturated with carbonic oxide contains in combination 
about 20°/, by volume of the gas, the same blood diluted to a hundredth 
would contain ‘2°/,; and as ‘00125 = °/, of ‘2 we must add to 
in order to obtain the true result (33°7°/,) in the above calculation. 


The similar allowances necessary with different saturations of the blood 
are as follows’. 


10 °/ 2° 40° 8° 70%, 26% 
20 3 50 lo 80 0 4-4 
30 5 00 f 146 90 10-0 


1 For details as to the mode of preparation of this solution see this Journal, xvm. 
p. 465. 1895, 


* This table of corrections is correct, as shown below, only when the titrations are 
made in winter daylight such as prevailed when our experiments were made. In the much 
PH. XxX. 33 
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To determine the oxygen tension of the arterial blood of the subject 
from the percentage saturation of the hemoglobin with carbonic oxide 
it is necessary to know accurately the percentage saturation of blood, or 
blood solution, which has been thoroughly shaken outside the body with 
air containing known percentages of carbonic oxide. A number of data 
on this point were given in the paper already referred to. As however 
great accuracy was now necessary, and the precaution had not been 
taken of analysing each time the residue of carbonic oxide contained in 
the burette used in making the mixtures’, we began an entirely new 
set of determinations, in which the residue was always analysed, and the 
impurities (usually about 3 to 5°/,) allowed for. 

The result showed that the saturations previously obtained were 
markedly lower, so that we at first thought that the carbonic oxide 
formerly used had in spite of every care contained a considerable 
percentage of air. The new determinations were made about Christmas, 
whereas the old ones had been made in summer. On continuing the 
new series in April we were however much astonished to find that the 
results were mostly again about the same as the old ones, although 
there could now be no doubt as to the correctness of the percentages of 
carbonic oxide. After noticing that the high results were only obtained 
towards evening we at last found that bright daylight has a most 
marked action in diminishing the stability of carboxyhzmoglobin, and 


that the varying intensities of the light explained the irregularity of — 


the results: When air containing ever as much as ‘1°/, of carbonic 
oxide was shaken with blood solution in bright sunlight no pink colour 
at all could be observed in the solution; yet when the bottle was taken 
into the dark, or covered with a cloth, the ordinary-marked pink colour 
at once appeared on shaking. The experiment could be repeated again 
and again, the colour alternately appearing and disappearing, so that it 
was evident that the carbonic oxide was not oxidised or otherwise 
destroyed, but remained in the air of the bottle. Its affinity for the 
hemoglobin must have been diminished by the sunlight to at least a 


brighter daylight available in spring and summer the corrections would be larger unless 
special means were taken to partially darken the room. The following table gives the 
corrections necessary in a well-lighted room in summer. The data on which the table is 
based are given in a former paper (this Journal, xvi. p. 451). 


2°), 40 °/, 1-5 °/, 70°}, 40°), 
20 5 50 2-0 
80 1-0 60 2:8 87°5 125 


1 See this Journal, xvitt. p. 463. 


a 

4 
| 
¥ 


OXYGEN OF ARTERIAL BLOOD. 505 


twentieth. On performing a corresponding experiment with hydrogen 
containing a trace of oxygen we could not observe any distinct action of 
the light on the stability of the oxyhemoglobin, so that only the affinity 
of carbonic oxide, and not that of oxygen, would seem to be affected by 
the light. The Réntgen rays had no appreciable action on the stability 
of the carboxyhewmoglobin. The results given at p. 518 were obtained | 
by shaking in bottles protected from the daylight by means of a cloth. 
The method employed was exactly the same in other respects as before, 
but with the greater precautions used, and the avoidance of light, the 
results were very concordant. A small correction was introduced for 
the very slight reduction in the percentage of carbonic oxide in the air 
of the saturating bottle produced by the absorption of carbonic oxide 
by the blood solution introduced. Experiments were made 


(1) with 1°/, solution of human blood at about 15° C. 


0x-blood and sheep’s blood at about 15° C. 
» human blood at 37° C. 
»  » 0X-blood at 37° C. 


The results, as might be expected, were practically the same whether 
human blood, ox-blood, or sheep’s blood was taken, and whether the 
determinations were at 15° or at 37°C. For this reason we have made 
one common curve from the whole of the data (Fig. 1). The individual 
results from which the curve is constructed are given at the end of the 
paper, together with an example of a single determination. 

If the oxygen tension of arterial blood (the blood leaving the lungs) 
were the same as that of air we should expect that with a given 
percentage of carbonic oxide in the air breathed, the final saturation of 
the blood within the body would be the same as the saturation of blood 
when shaken outside the body with air containing the same percentage 
of carbonic oxide as in the air breathed. If the oxygen tension of 
arterial blood were lower or higher than that of air we should expect 
the final saturation within the body to be correspondingly higher or 
lower than in the blood outside the body. To calculate the exact 
arterial oxygen tension it is necessary to bear in mind that the percentage 
saturation of the blood depends practically on the relative tensions of 
the oxygen and carbonic oxide. The carbonic oxide tension, after 

. absorption has ceased, will be that of the dry inspired air, after allow- 
ance has been made fur the dilution of the latter with the aqueous 
vapour (about 6°/,) required to produce saturation at 37°C. The 
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4 
method of ‘making the calculation will be evident from the following 
example. 


4 


Percentage saturation of haemoglobin with carbonic oxide. 


+ 


= 


“O75 . . “15 
Percentage of CO in air or gas-mixture. 
Fie. 1. The crosses indicate the results of the experiments on the oxygen tension of 
the human arterial blood. 


Let us suppose that the percentage of carbonic oxide breathed was 
‘060, so that after absorption had ceased the alveolar carbonic oxide 
tension was ‘0564°/, of an atmosphere: also that the blood was found 
to have become 47°/, saturated when absorption had ceased. With 
‘0564 °/, of carbonic oxide in presence of air (20°93°/, of oxygen), the 
blood outside the body would have become 35°/, saturated, and the 
relative mass influences on the hemoglobin of the carbonic oxide and 
oxygen would have been as 35 to 100—35, or as 35 to 65. But the 
saturation actually found in the blood of the body was 47 °/,; hence the 
relative mass influences of the two gases were as 47 to 100 — 47, or as 
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47 to 53, or as 35 to 39°5. Hence as the mass influence of the carbonic 
oxide was the same in both cases, the tension of the oxygen in the blood 
of the living body must have been reduced in the proportion of 65 : 39°5, 
or from 20°9 to 12°7. 

To practically test this mode of calculation we made experiments in 
which blood solutions were shaken with gas-mixtures containing | 
besides nitrogen various percentages of oxygen and carbonic oxide. 
The results were as follows: 


Percentage saturation of 
hemoglobin with carbonic oxide 


Calculated Found 
(1) 96°8°/, ofoxygen (a. 0°376°/, of car- 
and 3:2), of ni bonic oxide 
gen b. 0-11"), ditto 22-9 23 
(2) 14°2°/, of oxygen 
and 85°8°/, of nitro- 32 35 
gen 
Oh ot average 49 S average 
, of oxygen, average av 
and 4-06 of car. 42°5 
bonic acid 
(4) Pure hydrogen carbonic 100 97 


These experiments show that the method of calculation employed is 
perfectly correct. 

In making the experiment on man we found that the best per- 
centages to employ were from about ‘045 to 06°/, of carbonic oxide. 
With lower percentages the change in tint of the blood was less 
marked, so that errors of titration told more seriously. With higher 
percentages, on the other hand, the condition of the subject evidently 
became abnormal, and the experiments, if of sufficiently long duration, 
were followed by severe headache and lassitude, lasting for many 
hours. 


The following is a record of the results of the experiments. 


_ Exp. 1. Subject A, 23/12/95. Corrected percentage of CO=-049 for 
first 14 hours: afterwards 043. 


After 1 hr. 22 mins. saturation of blood = 19°1°/, ... oxygen tension= — 


» 2hrs. 0 ” ” = ” ” 26°8 
» 2, ,, ” ” = 248 ,, » =258,, 
» ” ” = ,, ” » =247,, 


Average 24°7°/, 25°8 °/, 


é 
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Exp. 2, Subject B, 25/12/95. Corrected percentage of CO for first 
40 minutes = ‘086, for next 45 minutes = ‘073, for next 20 minntes = 087, 
for next 85 minutes = 078. 


After 1 hr. 14 mins. saturation of blood = 33-1 °/, .-. oxygen tension= — 


” l ” 56 ” ” ” = 36°6 ” ” ” = 28°5 * 

» 2hre.29 ,, ” ” = 422 ,, ” ” = 22'5 ,,* 
” 2 ” 50 ” ” ” = 42-0 ” ” ” = 22°9 n* 
»n ” ” = 47°1,, ” ” = ,,* 


* Minimum values only. 


During this experiment the working of the apparatus was irregular, 
owing to temporary slowing two or three times of the ventilation 


current, particularly after the second determination. The subject felt 


abnormal, and was giddy on standing up at the end. The experiment 
was followed by severe headache, lasting for about 12 hours. For further 
remarks see below, page 512. 


Exp. 3. Subject A, 26/12/95. Corrected percentage of CO=-061 
throughout. 


After 1 hr. 20 mins. saturation of blood = 24°1°/, .:. oxygen tension= — 


” 1 ” 50 ” ” ” = 29°1 ” ” ” = 27°5 *o 
» 2hral2_,, ” ” = 29-1 ,, ” » =275,, 
ST ” ” =29'1,, ” » =2376,, 
” 3 ” 3 ” ” ” = 29°1 ” ” ” = 27°5 ” 
Average 29°1°%/, 27°5*/, 


Exp. 4. Subject B. 27/12/95. Corrected percentage of CO for first 
70 minutes = 082, thereafter = ‘067. 


After 1 hr. 33 mins. saturation of blood = 32°4°/, .-. oxygen tension = 26-7 °/, 


» 2hre 5 ,, ” ” = 33:1 ,, ” ” = 25°5,,, 

» 2 » ” ” =37°8 ,, ” ” =21°0,, 

4, ” ” = 33:1 ,, ” ” = 25°5 ” 
Average 24°7 °/, 


Expr. 5. Subject A, 28/12/95. Percentage of OO = 067 throughout. 
After 1 hr. 15 mins. saturation of blood = 26°6°/, .-. oxygen tension= — 


” »  =29°5,; ” ” = 30°6 
» ,, ” ” = 30°5 ,, ” ” = 29:2 ,, 
» 2, 36 ,, ” ” = 30°5 ,, ” ” = 29:2 ,, 
” ” = 305 ,, ” ” = ,, 


Average 30°25°/, 29°5/, 
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Exp. 6.. Subject O, 31/12/95. For 40 minutes percentage of OO = ‘068 °/,. 
Thereafter = ‘059 °/,. 


After 1 hr. 24 mins. saturation of blood = 27-9°/, .-. oxygen tension= — 


2hre 0 , ” ” = 30°0 ,, ” » =25°4%, 
» ” ” =317,, ” » =259,, 
» 2, 38 , ” ” = 33°1,, ” ” = 223 ,, 

Average 31:1 °/, 23°9 


_ Exp. 7. Subject A, 5/1/96. Percentage of OO = -078°/, for first 22 hours. 
Thereafter reduced to = ‘055 °/,. 


After 
1 hr. 20 mins. sat. of blood = 23°4°/, .-. oxygen tension = a 
1, #@ , » = 30°5 ,, ” yore 
2hrs. 4 ” ” ” = 34-9 ” ” ” = 30°6 */l 
2, 23 ,, ”» = 35°5,, ” » =298,, 
” 12 ” ” ” = 35°5 ” ” ” [19-2 to 29°8 
4 ” 0 ” ” ” = 35°5 ” » ” =[19°2 to 29°8 » | 


Average 35°2°/, 30°2°/, 


In this experiment we intended to ascertain whether a reduction by 
‘023 °/, of the percentage of CO breathed would be followed by a 
corresponding reduction in the saturation of the blood. No appreciable 
reduction was, however, observed within 1} hours (see pi 514). 

Exp. 8. Subject B, 6/1/96. Percentage of CO = -0476 throughout. 


After 1 hr. 37 mins. saturation of blood = 28°8°/, .-. oxygen tension = 23°8 °/, 


» Zhrea 8 ,, ” ” =27°8 ,, ” ” = 23°8 ,, 
” ” = 278 ,, ” ” = ,, 
” 3 ” 8 ” ” ” = 27°8 ” ” y = 23:8 ” 
” 3 ” 38 ” ” ” = 26°9 ” ” ” = 24°9 ” 
” ” = 26°4 ,, ” ” = 255 ,, 

Average 27:4°, 243°, 


To the above we add the results of two experiments (Nos. 9 and 10) 
given in the former paper’. The stock of gas used for filling the 
cylinder for these experiments was analysed and found to contain 
93°3°/, of carbonic oxide. The gas in the cylinder must therefore, 
judging from the other experiments, have contained about 10°/, of air, . 
and the percentage of carbonic oxide in the air breathed has been 
corrected on this basis. We have not added the results of experi- 


1 This Journal, xvm. p. 44. 1895. 
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ment 11 of the former paper, as the gas used was not analysed. The 
results however agree closely with those of the experiments given in the 


present paper. 
Exp. 9. Subject B, 10/7/95. Percentage of CO = 025 °/,. 
After 1 hr. 0 mins. saturation of blood= 7°/, .*. oxygen tension 


” 2hrs. 0 ” ” ” = Ill ” ” ” ae 

” ” = 1b,, ” ” = 26°9 

” 3, 0 ” ” ” = 15,, ” ” = 26°9 ” 

» 30, ” ” = i4,, ” ” = 29°1,, 
Average 14-7 °/, 27°6 °/, 


Exe. 10. Subject B, 12/7/95. Percentage of CO= 019. 
After 1 hr. saturation of blood= 8°/, .-. oxygen tension= — 


» 2 hrs. ” ” =13,, ” » =22°7%, 
» ” ” =13,, ” » =237,, 
” 4 ” ” ” =13 ” ” ” = 22°7 ” 

Average 13°), 22°7 °/, 


The results of the experiments are shown graphically in Fig. 1. 
The crosses represent the average results of each experiment. In 
representing the percentages of carbonic oxide breathed allowance 
is made for dilution of the air with aqueous vapour within the lungs. 
The curves represent the results obtained outside the body with 
carbonic oxide and air, and other gas mixtures. The data from which 
the curve for air is constructed are given at page 518. 

Taking all the determinations in which a steady result was obtained 
the average oxygen tensions found were as follows, 


Experiment 1 25°8 °/, of an atmosphere. 
3 27°5 ,, 
4 24°7 ,, 
5 29°65 ,, 
6 23°9 ,, 

7 30°2 ,, 

8 24:3 ,, 

9 276 ,, 

9 10 227 ,, 
Average 26:2°/, 


The alveolar oxygen tension for man has recently been carefully 
calculated by Loewy. He bases his calculations (1) on the composition 
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of expired air, (2) on the assumption, which can hardly be avoided, that 
the expired air is mixed with a quantity of air occupying the “dead 
space” between the opening of the nose or mouth and the alveoli, 
(3) on the fact that the air in the alveoli is saturated at 37° with 
moisture, and therefore diluted with about 6°/, of aqueous vapour. As 
the result of measurements of the volume occupied by plaster casts of 
the air-passages he estimates the dead space at about 140 c.c., and he 
confirms this estimate by the results of careful experiments which 
enabled him to assign maximum and minimum values to the extent of | 
the dead space’. In this way he estimated the alveolar oxygen tension 
as about 12°6 to 13°5°/, of an atmosphere. The mean of four experi- 
ments during rest was 13°15 °/,”. 

If we accept this value it follows from the results of our experiments 
that the oxygen tension of human arterial blood is normally about 
twice as high as that of the air in the pulmonary alveoli. This being 
so it follows that diffusion alone does not explain the absorption 
of oxygen through the lungs. 

This conclusion is of such high importance that it is necessary 
to test it in every way possible. 

Several possible sources of fallacy will at once suggest themselves. 


A. Sources of error in the titrations. 


To test the degree of accuracy of the blood titrations we made 
a number of known mixtures of defibrinated blood saturated with coal 
gas with the same blood shaken with air. In each case a drop of the 
known mixture was placed upon a finger, and 2 cm. of it measured off 
with the pipette, and the saturation with carbonic oxide estimated with 
carmine, just as in the determinations during an experiment on blood 
from a living subject. As the Belfast coal gas was found to contain on 
an average about 20 °/, of carbonic oxide a slight correction was made 
for the carbonic oxide (about 0°5 °*/,) present in simple solution in the 
saturated blood. The results were as follows. 


Caloulated Found Error 
a. 486° 26% 

j a. 

51-7 +05 


1 Pfiiger’s Archiv, p. 416. 1894, 
*? Loewy, Untersuchungen iiber die Respiration und Circulation &c., 1895, p. 26. 
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Calculated Found Error 

a —03 
a. 690 
69-0 +09 
688 +07 
VI 512 54-0 +28 


Average error +03 


These results show that the limit of error in the estimations of the 
saturation of the blood with carbonic oxide is within 3°/,, and that 
there is practically no tendency to a constant error in one direction or 
the other. Errors from mistakes in titration thus cannot appreciably 
affect the average results, and errors in the oxygen tensions obtained in 
individual experiments cannot well exceed about 3°/, of an atmosphere. 


2. Effects of dilution of the hemoglobin. 


The dissociation curve (Fig. 1) for hemoglobin outside the body was. 
obtained with dilute blood solutions, and it might seem possible, though 
not probable, that a different curve might be obtained with undiluted 
blood in which the red corpuscles were intact. We tested this possibility 
as follows. About 3c.c. of blood, taken quite fresh from one of 
ourselves, was defibrinated, and placed, by means of a pipette inserted 
air-tight through the cork, in a flask of about 600 c.c. capacity, which had 
been filled with the mixture of air and carbonic oxide. The blood was 
spread in a thin layer over the bottom of the flask, which was then 
completely immersed in a water-bath at 37°C., and kept in gentle 
motion for at least an hour, so as to insure saturation of the hemoglobin 
to the maximum extent. We found half-an-hour insufficient, and if the 


blood was left standing quietly, even an hour did not produce more than 
half the final saturation. 


The results were as follows: 
¢/, CO in air °/, saturation of hemoglobin 
057 35°4 
058 34°3 
038 319 
Average 33-9 


The average result with dilute solutions of blood was 33:2, so that 
undiluted blood gives practically the same result as diluted blood. 
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3. Lffects of carbonic acid. 


It might be suspected that the presence of carbonic acid in the 
venous blood and pulmonary alveoli might in some way alter the 
relative affinities of carbonic oxide and oxygen for hemoglobin. That 
this is not the case, however, is shown by the three experiments with 
expired air (containing 4°06 °/, of carbonic acid) quoted on page 507. 


4. Had absorption of carbonic oxide completely ceased when 
the determinations of owygen tension were made? ; 

As regards the answer to this question we believe that the ex- 
periments leave no room for reasonable doubt. During the first 
1} hours the saturation of the blood increased rapidly. The deter- 
minations show that at the end of about 14 hours this rapid absorption 
_ suddenly ceased. There might be a slight apparent increase or 
diminution afterwards, but except in experiment 2 we believe that 
these slight changes were only apparent. They are within the limits of 
error in titration, and reference to the notes shows the apparent 
difference to have been brought about by slight changes in the quantity 
of carmine necessary to reproduce the tint of complete saturation. In 
many cases the light was failing and at the same time changing in 
quality towards the end of the experiment, and when this was the case 
less carmine was needed to reproduce the saturation tint. Experiment 
VIIL, which was the longest of the series, was purposely begun very 
early, so as to avoid the failing light, and in this case there was not the 
slightest apparent imcrease in the saturation during the 2 hours 
21 minutes succeeding the first 14 hours. We were thus quite con- - 
vinced that there was no fallacy due to incomplete cessation of absorption. 
In experiment II. there was an apparent increase, after the first two 
hours, of the saturation of the hemoglobin ; in this experiment, however, 
owing to irregularity in the water pressure employed for aspiration, the 
air current two or three times slowed down, particularly after the second 
determination, so that the percentage of carbonic oxide breathed became 
temporarily much higher than stated. During these periods the satura- 
tion of the blood must have rapidly increased’. To get rid of this 
increase several hours would probably have been required, since the 
conditions for the giving-off of carbonic oxide were enormously less 


1 See this Journal, xvin. p. 456. 1895. 
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favourable than the conditions for increased absorption during the 
periods when the percentage of carbonic oxide in the air was increased. 
The same considerations completely explain the fact that in experiment 
No. VIIL, in which the percentage of carbonic oxide breathed was 
purposely reduced from 078 to ‘055 there was no appreciable diminution 
in the saturation of the blood after 1} hours. It was shown in a former 
paper that, even after breathing fresh air for three hours, about a third 
of the carbonic oxide which had been previously absorbed still remained 
in the blood *. 


5. Is carbonic omide omidised within the body? 


It is an old opinion, due originally, we believe, to Bernard, that 
carbonic oxide is oxidised within the body, and thus got rid of. This 
theory seems to have been put forward to explain the disappearance of 
carbonic oxide from the blood consistently with the erroneous belief that 
carboxyhzemoglobin is not dissociated in presence of air. 

Were it the case that carbonic oxide is oxidised to any appreciable 
extent within the living body the method we have employed would give 
erroneous results. It was thus necessary to examine this question with 
great care. Careful investigations as to whether carbonic oxide is 
oxidised in the living body were made by Gaglio’. 

He placed an animal with a known volume of carbonic oxide in a 
Regnault and Reiset’s respiration apparatus for some hours, at the end 
of which time he carefully determined by combustion the residual 
carbonic oxide, air being led through the apparatus so as to wash 
out all the carbonic oxide, and enable the animal to get rid of all the 
carbonic oxide present in its blood. The percentage loss of carbonic 
oxide in the body of the animal and in the apparatus was as follows in 
these experiments : 


°), of loss out of 
OO 


Average 2°9 


1 This Journal, xvi. p. 488. 2 Archiv fiir exper. Pathol. xx11., p, 286. 1887. 
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In a control experiment, with no animal in the apparatus, the 
percentage loss was found to be exactly the same (2'8 °/,) as the average 
loss when an animal was present. Hence no carbonic oxide was 
oxidised in the body of the animal. 

The question has also been investigated by Martin’, whose experi- 
ments do not seem, however, to have been carried out by such an 
accurate method. He found that (in two experiments) there was a loss 
of 11 and 7°5°/, of the carbonic oxide employed. This small loss may, 
however, have easily been due to an experimental error. 

To obtain independent evidence we made the following experiment. 
Carbonic oxide was breathed until the blood was 33°/, saturated. 
The subject was then made to breathe through a tin vessel containing 
potash lime into and out of a bladder, oxygen being at the same time 
supplied through a side tube in sufficient amount to prevent the bladder 
from collapsing. The saturation of the blood with carbonic oxide was 
now determined, and the determination repeated at intervals. As no 
appreciable quantity of carbonic oxide could escape through the lungs 
with this arrangement, any diminution in the saturation of the blood 
with carbonic oxide would indicate the occurrence of oxidation of 
carbonic oxide within the body. The results of the experiment were as 

follows : 


3 minutes after beginning to breathe into bag. Saturation of blood 33°3°/, 


10 ” ” ” ” ” ” "Oy 
50 ” ” ” ” ” ” 33°3 ,, 
1 hour ” ” ” ” ” 33°3 ” 


A sample of blood taken 35 minutes after the experiment ceased 
was 25°/, saturated. 

This experiment shows that within an hour there was no appreci- 
able disappearance of carbonic oxide from the body when escape 
through the lungs was prevented. Another similar experiment, in 
which, however, the blood was only 18°5°/, saturated, gave exactly 
the same re8ult. Oxidation, or disappearance in any other way, of the 
carbonic oxide present in the body, cannot therefore affect the accuracy 
of our method of determining the oxygen tension. 


1 Comptes Rendus, oxy, 835. 1892. 
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6. Does carbonic oaide pass freely through the pulmonary epithelium? 


It might be imagined that the pulmonary epithelium actively 
resists the passage inwards of carbonic oxide, and that for this reason the 
carbonic oxide tension in the blood can never become as high as in 
the alveoli. If it be once admitted that in the taking up or giving off 
of gases through the pulmonary epithelium the latter may play an 
active part, there seems no inherent improbability in the view that the 
epithelium may actively oppose the passage of carbonic oxide inwards 
by diffusion. There are, however, many facts which render this view 
exceedingly improbable. In the first place it is evident from our own 
experiments, and those in the previous paper’ that when a given per- 
centage of carbonic oxide is breathed the gas is absorbed with great 
ease and rapidity up to a certain point of saturation, at which absorption 
suddenly ceases (after about 14 hours in the experiments recorded 
above). This point varies with the percentage of gas breathed. The 
sudden cessation of the absorption can hardly be otherwise explained 

on the assumption that a point is reached:at which the carbonic 
er absorbed in the first part of the alveolar capillaries begins to be 
driven out again in the succeeding part, where the oxygen tension is 
high (see the previous paper, p. 456). Were the cessation of absorption 
due to active resistance on the part of the alveolar epithelium, one 
would not expect the absorption to be so very rapid and complete 
(allowance being made for the dead space), nor the cessation of absorp- 
tion to occur so sharply, nor the point of cessation to vary so definitely 
with the percentage of carbonic oxide breathed. 

Finally we must refer to the evidence presented in another previous 
paper by one of us*, that carbonic oxide is in its action on living 
protoplasm simply an indifferent gas, like nitrogen or hydrogen, which 
appear to diffuse freely through all the tissues. It was shown in the 
paper referred to that a tension of a whole atmosphere of carbonic oxide 
is not poisonous to a mouse, provided that oxygen at two atmospheres’ 
pressure is also present, so that a sufficient amount of oxygen in simple 
solution in the blood is supplied to the animal; also that cockroaches, 
which are exceedingly sensitive to the action of gases, will live quite 


1 This Journal, xvi. p. 430. In the previous paper it was estimated (p. 446) that 
usually about half the carbonic oxide inhaled is absorbed up to the point where absorption 
suddenly ceases. From the'more necurate dats obtained in the present paper it would 
seem, from a similar calculation, that in reality about 70°/, is absorbed. 

This Journal; xvi. p. 201. 
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_ well for a fortnight in an atmosphere containing 80°/, of carbonic oxide. 
The same. animals are almost instantly rendered insensible by a corre- 
sponding percentage of carbonic acid. 

Our investigations as to possible sources of fallacy in the method 
employed have thus led to purely negative results; and, as there appear 
to be sources of very serious error in the aerotonometer method of 
Pfliiger we can at present see no reason to doubt the accuracy of the 
very high values which we have obtained for the oxygen tension of 
arterial blood. Our experiments thus strongly support the conclusion. 
originally arrived at by Bohr, that diffusion alone does not explain the 
interchange of gases between the blood and the air of the pulmonary 
alveoli. 

A considerable part of our work was carried out in the Chemical 
Laboratory of Queen’s College, Belfast, and we beg to express to 
Professor Letts our thanks for his kindness in placing the resources 


of the laboratory at our disposal. 


SumMaRY or Carer ConcLusIons. 


1. The oxygen tension of human arterial blood as it 
leaves the lungs is about 262°/, of an atmosphere, or 200 
millimetres of mercury. 

2. Diffasion alone does not explain the passage of oxygen 
from the air of the pulmonary alveoli to the blood. 
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APPENDIX. 


I. Results of experiments in which 1°), blood solutions were shaken in the dark to 
saturation with mixtures of carbonic oxide and air. 


Percentage saturation Percentage saturation 
34°83 "025 19-0 
060 15° "102 56°9 
Human blood | -090 47-25 cop blood 87-5 
atabout 090 15° 0 114 55-0 
15°C 109 56°7 
150 65-8 26-9 
183 66-9 at 87°C 064 85-9 
228 69°4 075 45°7 
480 85-0 “117 58°6 
"044 
Ox blood 
206 69°0 
Protocol of a single experiment. 
Readings of meter (correct) 
of 
6°25 p.m. 140 0-47 
6°26 12°8 0-47 
6°27 116 0°47 
628 10°45 
6°29 9°83 
6°30 81 
5 ) 5 


1°88 c.c. per minute, .. percentage of CO = 
Corrected for CO absorbed by hemoglobin = -244 
Further corrected for impurity of CO =-228%, 
Titration with carmine up to tint of solution taken from saturating bottle 


2°4 c.c. not enough 3°4 right 
28 ,, ,, right 
30 ,, not quite enough 38 ,, slightly too much. 
right 
Mean = 3-4. 
Titration up to saturation tint 
6°0 c.c. not enough 7°2 c.c. right 
6-4 ,, mot quite enough 76 ,, slightly too much 
68 ,, right 
Mean = 7-0. 


percentage saturation = x x 100= 69-4 
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Analysis of residual gas from burette. 


Nitrogen in gas burette = 5°04 
+gas taken for analysis = 15°76 


gas taken =10°72 

After absorption of CO, = 15°76 

“. CO, = 0-00 

After absorption of CO and O,= 5°59 

.. N, in gas taken = 065=°696 of air=6°50°/, 
.. CO in gas taken = 10°024= 93°50 °/,. 


Il. Protocol of an experiment (No. 3) on the oxygen tension of arterial blood. 
Subject A. Breathing began at 11.13. 


Readings of large meter (correct) Readings of measuring cylinder. 
11.8 a.m. 659 litres 80 ce. (20 drops of water per 10 seconds) 
11.28 793 140 (21 ” 99° ) 
11,48 971 255 (17 ” ” 
11,58 1105 (17 ” ” ) 
12,18 p.m. 1240 425 (17 ” ” ” ) 
12.28 1871 510 _ (17 ” ) 
12,58 1636 680 (17 ” ” ” ) 
1,13 1768 770 (17 ) 
1,28 1901 855 38 (17 ” ” ” ) 
1,43 2033 940 8617 ” ” ” ) 
1,58 2166 1025 (17 ” ) 
2.138 2298 (17 ” ” ” ) 


* At 11.81 the rate of delivery of water into the measuring cylinder was altered to 
17 drops per 10 seconds. 


The percentage (uncorrected) of CO breathed was thus perfectly constant throughout 


1°110 — 255 

the experiment after 11.31, and= 9590-971 * 100 = 0644. 
Analysis of residual gas from cylinder. 
Volume taken = 20°165. 
After absorption of CO,= 20°155 

ee 01 =0°05°/,. 
After absorption of O,= 19-955 

QOg= of air. 
.. the CO contained 4°79°/, of impurity. 
.. the true percentage of CO breathed was -061. 


Determination of the saturation of the blood with CO. 
1) at 12.33 p.m. 


A. For tint of sample. 


*2c.c. of carmine, not quite enough. 
” right. 
slightly too much. 


5 
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B. For tint of full saturation. 
2°2c.c. of carmine, not quite enough. 
right. 


24 ” 
26 » fight. 
28 ” slightly too much. 


. saturation of x 160 = 23°5°/,. 
Corrected for 9°%,. 


(2) at 1.3P.m. 
A. For tint of sample. 
8c.c. of carmine, not quite enough. 
» Fight. 
” slightly too much. 


B. For tint of full saturation, 
2°60.c. of carmine, not = enough. 
28 ” 
” too much. 
saturation of 100 = "/,. 
Corrected for dissociation = 29:1 °/,. 


(3) at 1.25 (4) at 1.60P.0., and (5) at 2.16P.u., gave exactly the same results 


as (2). 
; Calculation of oxygen tension. 


OO tension the (dried) of an atmosphere. 

. CO tension in the (moist) air of the pulmonary alveoli was -057 °/, offen atmo- 
aphene. Now with the same CO tension in pure air outside the body hmmoglobin would 
become 85 °/, saturated, whereas the arterial blood only became 29°1°/, saturated. Hence 
in the arterial blood the oxygen tension must have been increased above atmospheric 


oxygen tension (20-9 °/, of an atmosphere) in the proportion of 
29-1 


85 


7 
| 
= 
100-291 100-36 
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THE DETECTION AND ESTIMATION OF CARBONIC 
OXIDE IN AIR. By JOHN HALDANE, MA, MD. 
Lecturer in Physiology, University of Oxford, and Grocers’ 
Company Research Scholar. 


IN a previous volume of this Journal (xvitl. p. 463) I described a method 
of detecting and estimating by means of a solution of blood small 
percentages of carbonic oxide in air. The fact, communicated in the 
preceding paper by Dr Lorrain Smith and myself, that daylight has 
a marked influence on the stability of carboxyhemoglobin, renders 
necessary a modification of the method, and at the same time an 
alteration of the table given for calculating the percentage of carbonic 
oxide present in the samples under examination. 

The bottle containing the blood solution and sample of air must 
be covered with a cloth during the process of shaking, and (although 
this is by no means so important) very bright light should be avoided 
during the process of titration with the carmine solution. In other 
respects the previous description needs no modification. 

With the precautions just mentioned the method is not only more 
accurate, but also a good deal more delicate. The table previously 
given is only correct for the case in which the shaking is performed 
in a fairly well-lighted room in bright weather. In extra bright light, 
or in dull weather, or towards evening, the table would give incorrect 
values, 

The following table, which is constructed from the data given in 
the preceding paper, gives as nearly as possible the values when the 
bottle is protected from light during the shaking; and from this table 
the percentage of carbonic oxide in the sample of air may be calculated. 


ry 
8 
‘ 
- 
¢ 
4 
a 
¥ 


522 J, HALDANE. 


Percen Percentage of Percen of 
in carbonic oxide of hemoglobin in 
in the air blood solution in the air 
5 006 55 11 
10 012 60 135 
15 019 65 16 
20 026 70 21 
25 034 75 27 
30 043 80 36 
35 054 85 51 
40 066 90 81 
45 078 95 17 
50 090 


The colorimetric test can only be carried out satisfactorily in day- 
light. If a qualitative test available in artificial light is required, 
recourse may be had to the spectroscopic test recommended by Vogel, 
the blood solution from the bottle being placed in a test tube, diluted 
if necessary, warmed slightly with a drop of ammonium sulphide 
solution and then examined with the spectroscope. If the hemo- 
globin is more than about 40°/, saturated with carbonic oxide the 
double absorption band of carboxyhemoglobin will be visible. Thus 
the spectroscope test would suffice to detect with certainty as little as — 
‘07°/, of carbonic oxide in the air. The fact that Vogel and others 
failed to detect less than ‘2°/, with the spectroscope test was probably 
due to the influence of daylight. Hempel, who also investigated 
this test, obtained much better results, probably because he worked 
in a less brightly lighted room or by gaslight. 

A poisonous proportion of carbonic oxide in air may be detected 
most rapidly of all by watching the symptoms of a mouse carried 
into the suspected atmosphere (as recommended in this Journal, 
Vol. xvimt. p. 448). This method has recently been successfully 
employed in coal-mines by Mr W. N, Atkinson, H. M. Inspector of 
Mines for North Staffordshire. 
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Réntgen Photographs of Tissues. By Grorce J. Burcu. 


THE Photographs exhibited are some of the results of work done at 
the University Extension College, Reading, in which I have been 
assisted by several of my students, the object of this portion of the 
research being the photography by the X rays of the soft tissues, with 
the view of utilizing the process for physiological and pathological 


rposes. 

I find that by suitably arranging the exposure and the develop- 
ment, the internal structure of many plants can be brought out on the 
negatives. The parts rendered visible are in general 

(a) Tissues and internal spaces containing air. 

(6) Veins and places where the actual thickness of the object is 


(c) Bundles of vessels in herbaceous stems. 
(d) The junction of two different kinds of tissue, as in the case of 
@ growing seed. 
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Some of the appearances point to mere absorption of the rays, and 
others to their reflection or refraction at high incidences. 

The best results are given by tubes in which the vacuum is not too 
high, a fact which may be taken to indicate that Réntgen rays are of 
several kinds, possessing different degrees of penetrating power. Re- 
ducing the length of spark does not cause a high-vacuum tube to have 
the same effect as a low-vacuum tube in this respect. The kind of 
radiation most suitable for work with the soft tissues, whether of 
animals or plants, has comparatively little power of penetrating water 
or aluminium but passes easily through cork or thin vulcanite. When 
it is desirable to eliminate the confusing effect of surface configuration, 
I immerse the specimen in water or other liquid or solution, either 
together with the plate, or in a cell of which the bottom is made of 
talc or aluminium or ebonite. This method renders internal differences 
of structure more marked, much in the same way as a cover-glass with 
a drop of water facilitates the observation of objects under the micro- 
scope. It has the farther advantage of equalizing the exposure in the 
case of parts differing greatly in thickness, and is especially useful in 
photographing the human subject. 


Contribution to the Physiology of the Intestines. By C. A. 
BALLANCE and WALTER EDMUNDS. 


In the course of some experiments on the intestines of the dog with 
a view to certain surgical questions one or _ points of physiological 
interest came out. 

It was found, if the intestine were Pas the two open ends 
inverted and closed, and the two ends of bowel sutured together side 
by side after a lateral communication had been established between 
them, that in time the opening became less lateral and more in the 
direction of the bowel: also that the blind ends contracted : further, a 
change was noticed in the mucous membrane: below the junction it 
appeared normal, but above it the valvule conniventes disappeared 

q(but only for a time): this may possibly be due to some slight 
obstruction with the consequent pressure and distension. 

A certain number of short-circuiting experiments were performed, 
that is to say, a lateral opening was made between two portions of bowel 
a few inches apart; the bowel between the two openings was left patent 
so that chyme had the choice between proceeding along the usual course 
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or making a short cut through the artificial anastomosis. As a result 
it was found that the portion of bowel between the two openings 
became much reduced in length, in one experiment to only one half its 
original length, and that its diameter became also reduced. 

In implantation experiments—in which the bowel is divided, one 
end inverted and closed, and the other (open) end implanted vertically 
into the side of this bowel—it makes a difference which end is treated 
which way. If the upper end is implanted into the side of the lower, 
the portion of bowel between this junction and the inverted end (i.e. a 
cecum) is small, presumably because its peristalsis tends to empty it; 
whereas, if the operation is carried out in the opposite manner, the 
cecum is large, presumably because its peristalsis is towards its blind 
end and tends to distend it. 

In two experiments a portion of bowel was reversed ; it was divided 
above and below, its upper opening being sutured to the bowel below, 
and its lower opening to the bowel above; the dogs lived, and it was 
found that the portion of bowel reversed had become considerably 
reduced in length; at the lower junction the bowel appeared quite 
normal, but at_ the upper junction there was some distension as if here 
there had been some difficulty with the peristalsis and some slight 
obstruction had resulted. 


Observations on the Thyroid and Parathyroid of the Dog. 
By Water EpMUNDs. 


It has been shown that if the whole of one lobe of the thyroid gland 
be removed, including the parathyroid and also the greater portion of 
the other lobe, the dog will live or die according as the portion left does 
or does not contain the parathyroid of that side. 

It is not even necessary to leave any thyroid tissue proper. If the 
parathyroid is dissected off from the thyroid lobe and left, and the 
thyroid proper of that side removed and also the whole of the opposite 
lobe (including the parathyroid), the dog will as a rule live. 

In the experiments, in order not to interfere with the blood supply 
of the parathyroid, the dissection was carried rather wide and thus with 
the parathyroid a morsel of thyroid proper was left. Both the para- 
thyroid and the small piece of thyroid proper hypertrophy, but the 
latter by far the more. 
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cells and giant cells are to be seen in it; occasionally a drop of colloid 
secretion and a layer of columnar cells may be found, but the para- 
thyroid does not (even after five months) develop into thyroid tissue 
ee Phe portion of thyroid proper undergoes various changes, the vesicles 
enlarge, the secreting cells become detached from the wall and scattered 
throughout the vesicle, occasionally blood is seen in the vesicles: the 
vesicles become oblong, the lining membrane becomes convoluted, and 
the secreting cells columnar; also the secretion in the vesicles often 
becomes changed into a fluid which stains much less deeply than. 
normally and appears to be of a more watery consistence. 

The explanation of the convolution of the basement membrane is 
probably that it is secondary to a multiplication of secreting cells in 
response to demand for colloid secretion. These columnar cells are in 
a single layer. It is interesting to note that the thyroid gland in 
Graves’s disease shows similar appearances. 

If both parathyroids are removed it is necessary to leave about 


40 per cent. of the thyroid tissue proper in order that the dog may 
live. 


Sugar formation in Alcohol-coagulated Liver. By F. W. 
Pavy, M.D., F.R.S. 


That an active formation of sugar takes place in the liver im- 
mediately after death constitutes an acknowledged fact. The freezing 
experiment, which enables us to compare the condition existing at the 
moment of death with that which exists later on, renders evident the 
production which occurs. Although de facto a post mortem event and 
contrasting, as I maintain, with the circumstances appertaining to life, 
the idea has entered into the minds of some that it constitutes an act 
of vitality due to the continuance for awhile of molecular life. In my 
writings I have shown that sugar could not be produced in the liver 
during life as it is after death without leading to the production of a 
diabetic state, and also that glycogen could not exist, as it actually does, 
in the presence of the conditions that are met with after death. 

The conversion of glycogen into sugar is an operation readily 
effected by chemical and ferment action and not one requiring the 
agency of life. It is therefore quite unnecessary to draw vitality into 
the question. Indeed the influence characteristic of vitality is exerted 
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in the direction of bringing about dehydration of carbohydrates instead 
of hydration as occurs in the transformation of glycogen into sugar. It 
is consequently out of place to speak of vitality in relation to the 
matter, for the double reason that the character of the operation is not 
one to require for its performance the influence of life, and that the 
result of its performance would be to produce a condition standing at 
variance with that observed to belong to the living state. 

The effect of alcohol on the ferment is to precipitate it but not to 
kill or destroy it. It may be dried and subsequently kept for an 
indefinite time without losing its power. Liver, from a recently killed 
animal, that has been treated with spirit is not found to have lost iis 
capacity of producing sugar. For the purpose of demonstration the 
liver is well pounded in a mortar with spirit and afterwards subjected 
to successive washings with spirit to remove the sugar present at the 
time of being taken. Dried, without the employment of heat, and 
reduced to powder, it may be kept ready for experimenting with 
whenever it may be desired. Treated with water and placed in an 
incubator for two or three hours an active production of sugar occurs 
susceptible of being rendered evident by ordinary testing. Whilst the 
counterpart testing of the dried liver plunged into boiling water so as 
to escape from the production of sugar in the process of preparing the 
aqueous extraction shows no reaction with Fehling’s solution, the other 
gives a copious reduction. 

[The testing of the products derived from the liver of the rabbit 
and of the cat was performed with the results described.] 

The result is comparable to what is seen on testing liver that has 
been plunged into a freezing mixture instantly after death, against that 
which has been taken leisurely without subjection to any special 
process. The latter experiment affords proof that the strongly sac- 
charine state in which the liver taken ordinarily for examination is 
found is due to a post mortem production of sugar, whilst the experiment 
with the alcohol-coagulated liver negatives the idea that this post 
mortem production of sugar stands otherwise than as the result of 
ordinary ferment action, for it is impossible to conceive that, treated as 
the liver has been and subsequently bottled up in a dried state, vitality 
could enter into the question. 

I have made quantitative determinations of the sugar formed in 
alcohol-coagulated liver to see how it compares with that formed in the 
recently removed fresh liver similarly exposed in the incubator. In 
looking at the figures obtained it necessarily has to be taken into 
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account that in the one case the dried and in the other the moist state, 
is dealt with. Making the allowance required for these different 
conditions, there is no wide difference discernible in the results yielded 
in the two cases. Ordinarily with a liver fairly rich in glycogen it may 
be said that the sugar produced (read as glucose) amounts to from 
about 35 to 45 per 1000. In one of the livers experimented with for 
this communication it amounted to 53 per 1000. 
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The quantitative determination of sugar in blood. By 
F. W. Pavy, M.D., F.R.S. 

_ There is perhaps no subject in physiological science in connection 
with which so much error has been disseminated as in that bearing on 
the question of sugar in the animal system. The experimentalist is 
beset with fallacy in every direction, and with respect to the quanti- 
tative estimation of sugar in the blood this remark especially applies. 
Nothing can be ‘more discordant than the material to be found in 
physiological literature upon this point. 

Under three aspects error may arise :— 

1. The actual quantitative estimation of the sugar, and with 
this may be included the presence of lower cupric oxide reducing 
carbohydrate than glucose and its unguardedly being read off as 
glucose. 

2. The process adopted for extraction from the blood and the 
subsequent preparation for estimation. 

3. The circumstances under which the collection from the 
animal is effected. The estimation, extraction, and preparation for 
estimation may be free from fault, and serious error may notwith- 
standing be introduced by conditions associated with or antecedent to 
the collection having led to the production per se of an altered state 
of the blood examined. This, through not having been taken into 
account and duly allowed for, has constituted the source of an immense 
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amount of error—error, even, touching the very foundation of the 
notions that have been held upon the general question of sugar in 
relation to the animal system. 

With reference to the first of the points enumerated nothing need 
be said beyond stating that methods are at our command by which 
without difficulty sugar determination can be effected with delicacy 
and accuracy. As regards the third point it is not my province here to 
pursue it further than I have done. The second point is the one that 
forms the subject to engage our attention. 

The addition of known quantities of sugar to blood enables it to be 
ascertained with what degree of completeness the extraction can be 
effected. Results were a few years ago published’ showing losses of 
enormous extent, in one case reaching as high as 80 per cent. These 
were afterwards corrected by the publication of other results* and other 
authorities writing at the time obtained results presenting a close 
approach to accuracy. In my Croonian Lectures, published as far back 
as 1878, I gave three observations in which 20, 40 and 80 milligrams. of 
sugar were added to blood, and after allowing for the sugar originally 
present in the blood 19, 40 and 79 were found. At the commencement 
of the present year, I published* two observations in which the sugar 
found amounted to 3690 and 3637 against a theoretical ‘3812 and 
‘*3814. Since then I have conducted other observations with the 
results shown tabularly arranged :— 


total sugar. per cent. 
0772 “4870 5642 5844 +4 
0246 "1985 2263 +14 
0246 *3970 4216 4448 + 55 
0246 “6955 6201 6060 — 22 
0262 1474 1736 1749 +08 
‘0262 ‘3307 +30 


The estimation was effected with the ammoniated cupric tests. 
The added sugar solution was titrated in the colourless state and after 
mixture with the blood a certain amount of colour existed ‘in the 
product for titration. This by its covering influence on the colour of 
the test accounts, I think, for the difference being in all the instances 


1 Schenck. Pfliig. Arch. Bd. xxv1. 
2 Schenck. Pfliig. Arch. Bd, xxvii. 
3 Brit. Med. Journ, 1, 1896, 
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but one on the plus side. In no case did the difference amount to 
more than about 5 per cent. which is not likely to be of sufficient 
moment to affect our physiological deductions. For instance, blood 
containing 1:000 per 1000 of sugar would with an error of 5 per cent. 
on the minus side stand as containing 0°950 and on the plus side 1°050. 

The great point for facilitating the full extraction of sugar is to get 
a coagulum which admits of ready and effective washing. This is done 
by the alcoholic method which I described in a communication to the 
Royal Society in 1881! and have adhered to up to the present time. 
In every way it has reliability attached to it, and moreover it is the only 
process which practically speaking permits of our ascertaining through 
the agency of boiling with sulphuric acid the nature’of the carbohydrate 
that is present. The coagulum is in a form to be easily dealt with and 
no risk of loss is incurred in the evaporation of the alcoholic filtrate. 
Such is not the case with an aqueous extraction. Unless the evapora- 
tion is carefully carried out a change with the development of colour 
occurs in what lies upon the dry surface of the capsule, and further 
under exposure to brisk ebullition in an aqueous solution sugar under- 
goes destruction. This I think is not generally known to the extent it 
deserves. Recently I tried the effect of simply boiling a solution of 
sugar in a flask, with a funnel dropped into the neck, for a period of 
12 hours. The loss of water was met by addition from time to time. 
A litre was started with, and the bulk was made up to a litre before the 
second determination was made. In one experiment the litre contained 
0°595 grm. of sugar, derived from honey, which became reduced to 
0°271 grm. showing a loss of 54 per cent. With dextrose, crystallised 
from its alcoholic solution, the figures at starting were 1:146 and 0°558 
at the end, giving a loss of 52 per cent. With dextrose derived from 
diabetic urine 0°555 became reduced to 0°236, equal to a loss of 
57 per cent. All these were briskly boiled. In an experiment with 
dextrose from diabetic urine where the boiling was carried on more 
gently the loss amounted to 31 per cent., the figures at starting being 
0°543 and at the end 0373. In each case a more or less deep sherry 
colour became developed. These results are instructive in relation to 
the effect of heat on sugar in aqueous solution. When carefully 
evaporated down however in an open capsule experience has told me 
that escape from any material loss is attainable. The colour produced 
serves as a guide. 3 

In the case of alcoholic extraction evaporation is carried on in a 

1 Proceedings, xxxu1. p. 418. 
b2 
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water bath. Some of the colouring matter of the blood is taken up by 
the alcohol and has to be got rid of before titration with the copper 
test. I have hitherto had recourse to boiling with sulphate of soda for 
the purpose. There seems also to be a soapy matter present and the 
sulphate of soda not only gets rid of the main part of the colour but 
likewise of this. It requires, however, to be used in strong solution and 
some inconvenience arises from its liability to crystallise. Lately I have 
used with the greatest advantage hydrated alumina instead of sulphate 
of soda. On boiling, it very satisfactorily carries down what is wanted 
to be separated, leaving simply a pale straw-coloured liquid which 
filters very readily. The precipitate also is found to be susceptible of 
speedy and perfect washing. The hydrated alumina is prepared from 
potash or ammonia alum by the addition of ammonia and subsequent 
prolonged washing till rendered free from all impurity. It is kept 
ready for use in a gelatinous state. Being itself entirely precipitated 
on boiling, it leaves nothing from itself in the product to which it is 


added and may be used for other purposes where a like onyoot is 
wanted to be obtained. 
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Influence of temperature on electrotonic currents. By A. D. 
WALLER. 


Method. Frog’s sciatic nerve disposed in nerve-chamber as described 
in previous communications. Intrapolar and extrapolar distances = 1 cm. 
each. Polarising currents by 1 Leclanché cell (1°4 volt) for 4th min, at 
intervals of 1 min. Electrotonic currents’ led off to recording dead- 
beat galvanometer. 

To test the effect of rise followed by fall of temperature from and to 
the normal (15° + 2°), the nerve-chamber is enclosed in a metal box 
under which a spirit lamp is placed. 

To test the effect of fall followed by rise of temperature, the metal 
box is more or less closely packed round with ice and salt, then removed, 
and subsequently heated. 

Alterations of resistance gauged by standard deflections from a small 
constant E.M.F. (0°001 volt usually) let into the nerve-galvanometer 
circuit. 


Objections. Two chief objections may be raised : 
1. The experimental alteration of electrotonic currents may be due 


to alteration of resistance caused by alteration of temperature or of 
moisture. : 


1 A=<Anelectrotonic current. K= Katelectrotonic current. 


A’ = After-anel current. K'= After-katelectrotonic current. 
- Falling time of the magnet=12 secs., .-. the after-effects A’ and K’, mentioned below, 
refer to currents commencing to be manifested 12 secs. after the moment of cessation of 
A and K respectively. 
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2. The thermometer may be an inaccurate index of the tempera- 
ture of the nerve. 

Both objections are met by the use of the standard deflection by 
constant E.M.F. If a series of such deflections are taken at temperatures 
rising or falling at a rate not exceeding 1° per minute, the deflections 
increase and diminish pari passu with the temperature ; the maxima “ai 
deflection and of temperature are practically synchronous. 


Results. 1. Ordinary electrotonic currents, A and K are diminished 
to abolition at about 40° (with diminished resistance in circuit) and at 
about 0° (with increased resistance in circuit). 

This abolition is sometimes incomplete, but I am unable to say 
whether the residual deflection has been due to “ physical electrotonus ” 
or to current escape. It has been abolished by crushing the nerve in 
the interpolar region, but this proceeding, if effectual, must also affect 
current diffusion, and the fact that in most cases there is no residual 
deflection above 40° points rather to its being due to current escape. 
It has been most obvious when thick nerves have been used. 

2. At about 30° of a rising temperature, the K current is increased, 
without sensible alteration or with actual diminution of the A current. 

3. On returning from 40° towards a normal temperature, the A 
and K currents reappear. X is increased and A is diminished, so that 
the original normal inequality A>X is diminished, or reversed to 
A<K. The quotient A/K is diminished. 

4. On returning from 0° towards a normal temperature, A and K 
reappear. 

5. After prolonged exposure to temperatures above 40° and below 
0°, A and K, if they have disappeared, do not reappear ; or if they have 
been reduced to a minimum, do not recover from that minimum, 


(alterations of resistance being corrected for.) 


Illustrative experiments. 1. The galvanometric estimation of the 
temperature of nerve. 


2. The effect of rising temperature on A. 
3 and 4. The effect of rising temperature on A and K. 
5. The effect of falling temperature on A and K. 
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1. (2344) Effect of rising and falling temperature upon the electrical 


conductivity of nerve. 
1 min. 165° 18°5 se. 85 min. 40° 80 a0. 
5 165 18°5 40 88 29 
10 19°5 19°5 45 83 26 
15 50 28 22 
20 80°5 25°5 55 25 20°5 
25 85°5 28°5 60 23 19 
80 89 80 
ure increments 0 are near cident. They diverge 
only during the last 15 minutes, te of 
Temp. Defi. 
40° 80 
AS 
80°6 
369 28-1 
21°2 20°71 
~ 
16°5 18°5 


16° 
16 


on 


17 


oh 


A’ 


-5 
45 


rive V 
7 


full 7 


Si 


1 56 Bb DH GB GB 4 5 5 Gmin. 


2. (2341) Effect of rise of temperature on Anelectrotonus. 
Temp. 


Unbroken line = thermometer readings. : 
Dotted galvanometer readings. 

+18 
+4 

+4 4 

+2 

+2 

0 

0 

+5 q 

+6°5 4 

7 

+13°5 
+17 

+17 -1 

+12°5 

+6°5 — 4 
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j 3. (2319) fect of rise of temperature on Anelectrotonus and . 
Katelectrotonus. 
Time Temp. A A’ K 
2 16°5 _ -1 
15 heat on -1 
17 ~ _ _ -1 
28 28 — -1% 
80 41 0 -- 
heat off 
42 ind -8 +2°5 
46 — -8 +2: 
50 — -7 +2 
Remarks. K is and 35°; A and K are abolished at 40°, and 
reappear at 85°. Su uently to heating, A is diminished K increased, so that the 
normal inequality A> XK is reversed to 4<K. (In other cases it may only be diminished ; 
ee ee ee en A’ and K’ are more apparent after than 
re 


4. (2322) Effect of rise of temperature on Anelectrotonus and 


Katelectrotonus. 
9 


| ” —trace +2 
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Time Temp. A’ K K’ 
10 21 +1256 -—2°5 
ll ~trace +38 
25 39 -2 
30 85°5 +5 -1% 
81 35 —3°5 +05 
41 —4°5 +1 
51 — -456 +1 
9 
The noticeable feature of this record (nerve kept in saline for 3 hours) 


the small K and comparatively large R’. 
K 


The first effect of heat is to a t K (at 30°). 


are all but abolished, returning in fall from 89° 


24°, A is now smaller than at the outset, X is larger. 


5. (2334-5) Effect of fall of temperature on Anelectrotonus and on 


Katelectrotonus. 
Time Temp. A A’ K K’ e908 
0 min. 17° — 9 
16 15°5 are -2 +1 


Remarks. The electrotonic currents are extinguished at ~ 4°, and reappear at + 3°. 
A/K is increased, 


In the course of cooling the quotient 
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Action of carbonic dioxide on voluntary and on cardiac 
muscle. By A. D. WALLER and 8. C. M. Sowron. 


It has been previously shown: (1) that the staircase effect, first 
observed upon and described as characteristic of cardiac muscle’ is a 
phenomenon general to contractile tissue ; (2) that staircase increase of 
the negative variation is exhibited by isolated nerve; and (3) that the 
negative variation of nerve is increased under the influence of a small 
amount of carbon dioxide’. 

The main purport of the present communication is to show that a 
staircase effect is produced in ordinary striped muscle under the 
influence of carbon dioxide. From which follows as the probable 
conclusion that the effect in muscle as in nerve is due (partly if not 
wholly) to the evolution of carbon dioxide during contraction. ' 

The principal features in a staircase effect of ordinary muscle are 
(a) the progressive augmentation of height of a series of maximal 
contractions, and (b) a progressive augmentation of duration of con- 
traction, the relaxation more especially being effected more and more 
gradually. as the series proceeds. 

Staircase effect in such muscle is indeed no more than the earlier stage 
of every regular fatigue series, and the statement now made contains no 
more than an experimental verification of the supposition that it might 
be reproducible under the influence of the principal fatigue product CO,. 

The accompanying records exhibit (a) on a slowly moving surface 
the effects of CO, (augmented height of contraction and diminished 
rapidity of relaxation) upon series of gastrocnemius maximal contractions 
by direct excitation (break induction shocks) at intervals of 10 secs.— 
and (b) upon a more rapidly moving surface the character of a single 
contraction before, during and after the influence of CO,. The effect is 
seen to be a temporary one, the original character of contraction before 
CO, being more or less perfectly recovered with lapse of time, as is the 
case in the recovery from fatigue. ‘The experiments have been made 
upon fully curarised as well as upon uncurarised muscle without dif- 
ference of result. In both cases the obvious effect of CO, was an 
augmentation of the maximal contraction. 


1 Bowditch. “Ueber die Eigenthiimlichkeit der Reizbarkeit welche die Muskelfasern 
aller. ‘‘Experiments bservations to the process of Fatigue and 
Recovery.” to the Scientific Grants Committee, B.M.A. 1885 


Buckmaster. ‘Ueber eine neue Bezieh zwischen Zuckung und Tetanus,” Du 
Bois- 8 Archiv, 1886, p. 459. ape 
Romanes. Croonian Lecture, B.8. 1875. 


* Waller. Effect of CO sees of nerve.” Proc. P. 
production of CO, by hysiol. 
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Examination of the effect of CO, upon cardiac muscle, although it 
has not yielded the results that I anticipated, brings out certain points 
of interest. Whereas upon isolated nerve the effect of “little” CO, is 
an augmented electrical reaction, and of “much” CO, a temporary 
diminution or abolition followed by augmentation, upon isolated muscle 
the regular effect is augmentation, and upon an isolated heart the 
regular effect is diminution. The staircase phenomenon which is so 

prominent a feature of the spontaneous beat, as well as of the excited 
beat of a stanniused heart, is not reproduced under the influence of CO,, 
whether much or little, which always causes diminution.- An isolated 
heart is however a complex organ composed of several kinds of tissue 
(muscle fibre, ganglion cells and nerve fibres) functionally co-ordinated 
in a special order, and it is hardly possible to determine precisely what 
particular tissue may have been excited or. depressed in consequence of 
the action of CO,. The total depressant effect of CO,, which is 
remarkably regular, is perhaps peculiar to the entire organ, and in this 
connection it may be remarked that other anesthetics (ether, chloroform) 
which are excitant of nerve when dilute, and depressant when concen- 
trated, are depressant of the heart-beat whether dilute or concentrated. 

The chief results of experiments relating to the action of CO, upon 
the heart are to the following effect :— 

The regular spontaneous beat of a normal excised heart is gradually 
abolished by CO,. If at such time CO, is replaced by air, the 
spontaneous beat is perfectly restored. This decline under the in- 
fluence of CO, and recovery on its removal closely resemble the well- 
known muscarine decline and atropine recovery. 

If the action of CO, is kept up after the spontaneous beat has 
disappeared the electrical response gradually diminishes and is abolished. 
If now the CO, is replaced by air the electrical response reappears and 
gradually augments; later the spontaneous beat also returns (if the 
heart be not too exhausted by previous experiment). 

The above described sequence of effects takes place equally well 
with an atropinised heart. 

A regular series of electrically excited maximal contractions of a 
stanniused heart (4 stimuli per minute) exhibits a similar diminution 
or abolition of response under the influence of CO,, followed by recovery 
after removal of CO, by air. 

A normal heart in “light” CO, anesthesia (abolition of spontaneous 
beat with preservation of electrical excitability) gives in response to a 
series of electrical stimuli at not too long intervals (2 to 10 secs. ) a 
series of increasing “staircase” beats. 
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The action of nitrites and physiologically allied substances. 
By J. S. Hatpang, R. H. and A. E. 


We have investigated the action as poisons, and on the blood, of 
nitrites and of several other substances which have been believed to act 
by breaking down in the organism to form nitrites. As regards nitrites 
themselves the following are the chief results. 

Nitrites convert the hemoglobin of the blood, not simply into 
methemoglobin, as commonly assumed, but into what appears to be a 
mixture of methemoglobin and nitric oxide hemoglobin, The colour 
and spectroscopic appearances of this mixture are quite distinct from 
those of ordinary methemoglobin. Amyl nitrite in excess cause further 
changes, a body apparently identical with photomethsemoglobin being 
formed. 

Although nitrites are undoubtedly direct tissue poisons, yet they 
cause serious symptoms, and finally death, in warm-blooded animals (at 
least in mice and rabbits) solely by their action on the hemoglobin, and 
the consequent cutting off of the oxygen supply to the tissues. This is 
shown: (1) by determinations of the extent to which the hw»moglobin 
is altered in nitrite poisoning, and comparison of the symptoms with 
those of corresponding stages of carbonic oxide poisoning; (2) by the 
fact that in oxygen at high pressure an animal continues to live after 
receiving what would otherwise have been a fatal dose of nitrite, the 
oxygen present in simple solution in the blood being sufficient to 
support life after destruction of the hemoglobin, If the animal be 
kept sufficiently long in the oxygen its blood recovers completely. 

Demonstrations will be given illustrative of the changes of colour 
and spectrum produced in hemoglobin by nitrites and other substances : 
of the colorimetric method employed for estimation of the percentage 
decomposition of the hemoglobin; and of the action of oxygen at high 
pressure in preventing death from nitrite poisoning. 


Influence of simultaneous contrast on “ flicker ’’ of Visual 
Sensation. By C. 8. SHERRINGTON. 


It was demonstrated upon a number of rotating discs that the 
“ flickering” of sectors of a disc turning at speeds insufficient to give 
perfectly fused sensation is much influenced by “simultaneous contrast” 
acting upon those sectors. Contrast could thus be made to lower or 
heighten the speed of rotation requisite to cause steady combination of 
two colours. The amount of lowering or heightening obtainable was 
very considerable indeed, raising the minimum frequency of inter- 
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mittence allowing fusion for the same couple of physical colours from 
e.g. 22 to 34 per second, or again from e.g. 35 to 51 per second. It was 
pointed out that the method showed it possible to dismiss from con- 
sciousness all difference between the different backgrounds causing 
contrast to appear in stripes laid on them and yet retain consciousness 
of a difference between the stripes. It was also pointed out that the 
method gives a ready and accurate means of obtaining measurement 
of quantity of contrast-effect, i.e. in terms of frequency of intermit- 
tence, that is in the same terms as of the “ flicker” method of colour 
photometry introduced by Rood’. 


On Phioridzin Diabetes. By F. W. Pavy, M.D., LLD., F.RS. 


The experiments which I propose to communicate to the society 
bear on a debatable point in connection with phloridzin diabetes. 

Phloridzin is a crystallizable glucoside, sparingly soluble in cold 
water, decidedly more soluble in warm water, obtainable from the bark 
of the stem and root of the cherry, and some other rosaceous trees. 

Von Mering?, in 1888, showed by a number of well-devised and 
carefully conducted experiments that' phloridzin produced speedy and 
marked glycosuria when administered by the mouth, by subcutaneous 
injection, or by intravenous injection. The suggestion, at first pre- 
senting itself, that the sugar eliminated might be derived from a 
splitting up of the phloridzin itself was negatived completely by the 
fact that the amount of sugar obtainable from the urine greatly 
exceeded the amount of phloridzin administered. Moreover the 
complementary part of the glucoside—phloretin—left after the sugar 
has been removed also produces glycosuria. It is therefore thoroughly 
established that the sugar eliminated is not derived from the sugar 
constituent of phloridzin. The quantity of sugar found in the urine 
after the administration is commonly from 40 or 50 to 80 and it may 
stand over 100 per 1000. It is therefore not a mild but a marked 
glycosuria. This excessive elimination of sugar is not dependent on 
the presence of carbohydrates in the food. I occurs not only with a 
mixed diet containing an abundance of carbohydrates but also with an 
exclusively animal diet and even after prolonged starvation—starvation 
sufficiently prolonged to establish a glycogen free state of the liver and 
muscles. Von Mering for example obtained marked glycosuria in 
animals starved for 10 or 12 days and even longer. 

When phloridzin is administered by the mouth the glycosuria is 


1 American Journal of Science, xuv1. p. 178. 
Zeitsch. f. Klin. Med, xrv. p. 407. 
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observed to last till the following day and to some extent also till the 

day after. When administered by subcutaneous injection the effect is 

more quickly produced and on the following day may be found to have 
over. 

The special point to which I wish to direct attention is the 
assertion that phloridzin diabetes is attended with glycosuria without 
glycoh#mia—sugar in the urine without an increase of sugar in the 
blood. This assertion was founded on experiments made by von 
Mering. In three experiments’ he gives the amount of sugar found in 
the blood of dogs, to which phloridzin had been administered by the 
mouth, as 0°90, 0°95, and 0°82 per 1000. These amounts fall within the 
normal range. The process of analysis adopted by von Mering 
consisted of mixing the blood with 2 litres of water, acidulating 
slightly with acetic acid, coagulating by boiling, filtering, evaporating 
the filtrate to a small bulk and titrating with Fehling’s solution. The 
process is one which is learnt from the experience that has been 
recorded to be liable to prove misleading by the occurrence of loss 
antecedently to the operation of titration and it seems to me, looking at 
my own results, to be not improbable that error has crept into von 
Mering’s determinations. 

In 1894 Dr Levene of New York published an article in 
the Journal of Physiology* on Phioridzin Glycosuria. His results 
are of an exceedingly conflicting character, many showing less 
sugar in the blood after the phloridzin than before. The animal 
was anesthetised with ether for the collection of the blood and the 
phloridzin was injected subcutaneously. Evidently no attention was 
given to the effect of the anzsthetic in producing glycohzmia, for it is 
designated normal blood that was started with. It may be regarded as 
an established point, however, that both chloroform and ether lead to 
the presence of a markedly abnormal amount of sugar in the blood and 
with it glycosuria; and we have thus quite sufficient to account for the 
abnormal figures set forth as normal ones and taken as affording a 
standard of comparison before the phloridzin injection. In one experi- 
ment the figures for normal blood are given as 1°70 per 1000, whilst 
1:09 per 1000 are given as found on the following day as a result of the 
phloridzin injection. In another the figures previous to the phloridzin 
injection stand as 2°10 per 1000, whilst those found on the next day 
were 1:31 and on the following day to this 2°23 without any fresh 
employment of phloridzin, I confidently affirm from my experience 


1 Zeitech. f. Klin. Med. 1889, Vol. xvi. p, 483. 
2 Vol. p. 259. 
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that it is impossible that the amount of sugar represented as present in 
normal blood could exist without leading to pronounced glycosuria in 
place of the normal urinary state. In my communication to the 
Physiological Society at its last meeting, published elsewhere in the 
present issue of the Proceedings, I commented on the fallacies to which 
the experimentalist is exposed in connection with conclusions regarding 
the quantity of sugar in the blood, and pointed out that the conditions 
standing in relation to the collection constitute an all-important item 
of consideration. Another point that presents itself in relation to 
Levene’s work is that the blood was not collected till the day after the 
phloridzin injection, when experience suggests the probability that the 
effects may have passed off, and there is nothing to show that saccharine 
urine was being secreted exactly at the time of collection. 

The experiments I have conducted were carried out with due regard 
to Me known fallacies existing and with precautions to escape from 
their misleading influence. The cat was the animal in all cases 
operated upon. The phloridzin, 0°5 gram, was administered by sub- 
cutaneous injection in 30 c.c. of warm water. I have arranged the 
results in a tabular form. In the first 8 the injection was practised 
without the use of an anesthetic and it gave rise to not the slightest 
evidence of disturbance. In experiments IX. and X. the animal was 
just sufficiently anesthetised with ether for the injection and then 
allowed to recover. In experiment XI. the animal was anzsthetised 
with chloroform preparatory to the injection and kept anzsthetised 
throughout the two hours the experiment lasted. 

The blood was taken after the lapse of time mentioned in the table. 
To obtain it free from adventitious alteration the animal was suddenly 
killed by pithing, instantly turned over on to its back by assistants 
having hold respectively of the hind and the fore legs, and then with a 
pair of scissors forced into the chest the heart was snipped up and the 
blood allowed to flow into the thoracic cavity from which it was next 
dipped out. In this way time was not given for post-mortem change to 
be exerted. The alcoholic method of extraction was adopted and the 
sugar estimated with the ammoniated cupric test before and after 
subjection to the inverting influence of sulphuric acid. In experiments 
Ii. Vi. VIL IX. and X. it is noticeable that the reducing power after- 
wards was decidedly in excess of that before. In the other experiments 
the two sets of figures are not far removed. 


The urine consisted of that contained in the bladder at the time 
of death. 
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Subcutaneous Injection of Phloridzin. 


Blood 
lose | Urinary 
experi 
t injection Before After eiaiadteat 
pee inversion inversion in coagulum sat 
h m. 
I 1.7 1-462 2°752 13-23 
II 1.8 1°387 1-987 2°49 24°34 
2.25 1-280 1-363 2°104 112-17 
IV 2.23 1°869 1-947 2°388 84-93 
4.0 1°37 1°50 4-01 51°36 
Vi 4,25 1°875 2-307 3°03 47°55 
VII 5.0 1-573 2-14 271 113°16 
Vill 5.5 1°02 0°971 2°35 66°58 
Ix 2.0 1°578 2-016 3°52 86-00 
x 2.30 1-263 1-946 3°44 78°18 
XI 2.0 1-685 1-73 1°82 49-6 


The column in the table referring to the amylose carbohydrate 
represents the cupric oxide reducing material obtainable from the 
coagulum after alcoholic extraction boiled in an aqueous svlution of 
potash, thrown into alcohol, and the precipitate collected and subjected 
to the action of sulphuric acid. Under ordinary circumstances, it 
usually stands in amount below 1 per 1000 and never at more than 
an insignificant extent over. As in other cases, however, where sugar 
is found, from any cause whatever, in unusually large amount in the 
blood, so in phloridzin diabetes the material shows itself in greatly 
increased quantity. 3 

Looking at the fact that the blood of animals under normal con- 
ditions is found to contain something under 1 per 1000 of sugar and 
never more than anything slightly beyond this, the table shows that it is 
absolutely incorrect to say that the glycosuria producible by phloridzin 
is unattended with glycohemia. To enable us to make’ advance it is 
necessary that we should stand on clear and reliable ground, and it was 
for this object that my experiments were undertaken. - 

I am not dealing here with the mechanism of phloridzin diabetes 
but have work in hand upon the subject and hope soon to be in a 
position to present a further communication to the Society. 
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